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ABSTRACT 
Medicinal plants have' acquired increasing significance in 
development co-operation over the last few years. Their use and 
propagation are cross-sectoral concerns that embrace not only health-care 
but also nature conservation, biodiversity, economic assistance, trade and 
legal aspects (e.g. intellectual property). The value of medicinal plants to 
human livelihood is essentially infinite. They obviously make fundamental 
contributions to human health, and: "Is not health dearer than wealth?". 
The present study was aimed to develop efficient protocol for 
conservation end mass propagation of two medicinally important species 
namely (1) Tylophora indica and (2) Rauvolfia tetraphylla using tissue 
culture methods. The effects of different light intensities were also examined 
on photosynthesis and response of antioxidant enzymatic system during the 
ex wYrc* establishment of tissue culture raised plantlets. 
6.1. Tylophora indica 
Tyloptiora indica (Burm. f.) Merrill (Asclepiadaceae) is an 
endangered perennial woody climber native to plains, forest, and hills of 
southern and eastern India, ascending to an altitude of 900m. The 
medicinal plants has been traditionally used as folk remedy in certain 
regions of India for the treatment of bronchial asthma, bronchitis, 
rheumatic and gouty pains. 
Direct regeneration o^ shoots was achieved on MS medium 
supplemented with various concentrations of BA, kin, TDZ, lAA, IBA and 
NAA either singly or in various combinations. Addition of ascorbic acid to 
the shoot induction medium enhanced the growth and multiplication of 
shoots. Strength of basal medium and pH also influenced the efficacy of 
shoot regeneration. The highest number of shoots (8.6 ± 0.71) per explant 
and maximum average length (5.2 ± 0.31) were standardized on MS 
medium supplemented with BA (2.5 fjhA) + NAA (0.5 fjM) + AA (100 mg/'l) 
a tpH 5.8. 
Callus induction was observed from leaf, petiole and nodal explants 
grown on MS medium supplemented with different concentrations of 2,4-D 
and 2,4,5-T. Maximum callusing (100 %) was achieved on MS medium 
containing 10 / J M 2,4,5-T. Callus derived from leaf, petiole and nodal 
segments when subcultured on MS medium supplemented with BA, kin or 
TDZ induced adventitious shoots within 4 weeks of culture. The maximum 
number of shoots (64.8 ± 0.74) was achieved from leaf derived callus on 
MS medium containing 5.0 ^ M kin. 
The in vitro regenerated shoots were transferred to different rooting 
media. Best rooting was achieved on '/2MS medium supplemented with 0.5 
jL/M IB A. Ex vitro rooting was also attempted as a means to decrease the 
micropropagation cost and also the time from laboratory to field 
conditions. The best results were recorded by dipping shoots in 150 / J M IBA 
for 30 min. followed by transplantation in sterile vermiculite. The in vitro 
raised plantlets with well developed shoots and roots, following 
acclimatization, were transferred to field conditions, and the survival rate 
was almost 100 percent. 
Synthetic seeds were produced from nodal segments obtained from 
in vitro cultures of T. indica. The best complexation for the preparation of 
synseeds was achieved using 3 % sodium alginate and 100 mM CaC^. The 
maximum frequency (91 %) for conversion of encapsulated beads into 
plantlets was achieved on MS medium containing 0.5 / J M IBA after 6 weeks 
of culture. Encapsulated nodal segments stored at 4 °C for 1-8 months also 
demonstrated successful conversion followed by development into 
complete plantlets when placed back to regeneration medium. Plants 
regenerated from encapsulated nodal segments were hardened, 
acclimatized and successfully established in soil. 
Monitoring of acclimatized plantlets at two light irradiances (PPFD 
50 and 300) showed changes in pigments (Chlorophyll a and b, 
carotenoids) content, net photosynthetic rate and various enzyme (SOD, 
catalase, APX and GR) activities. Significant changes in the chlorophyll and 
carotenoid contents reflect successful adaptation of autotrophic trait. 
Elicited production of Chlorophyll (a and b) with high PPFD is likelihood of 
its degeneration which has been counteracted with considerable production 
of carotenoids, and illustrated its protective role against photo-oxidative 
damage. A time dependent generation of free radical scavengers, have been 
observed throughout acclimatization with high PPFD. Plantlets showed 
increased level of SOD production, indicating its preventive mechanism of 
membrane oxidation and damage to biological molecules in high light 
acclimatized plantlets. Increased CAT activity also suggested its role in the 
photorespiratory detoxification of hydrogen peroxide through the 
mitochondrial electron transport system. The increase in APX activity of T. 
indica suggests the chloroplast based detoxication of ROS via Mahler's 
pathway and maintenance of reduced glutathione pool w i th the increased 
generation of GR. 
6.2. Rauvolfia tetraphylla 
Rauvolfia tetraphylla L (Apocynaceae) is an endangered, small evergreen 
w o o d y shrub. Pharmacological activity of the plant is mainly due to the 
presence of alkaloids like ajmaline, ajmalicine, reserpine, serpentine and 
tetraphyllincine. Reserpine is a potent alkaloid that depresses the central 
nervous system and lowers b lood pressure. The Government of India has 
restricted the export of its drugs to reduce its exploitation and thus to 
conserve natural stands. This has resulted in a shortage of its alkaloids in the 
wor ld market. 
Direct regeneration of multiple shoots was achieved from nodal 
segment explants implanted on MS medium supplemented wi th various 
concentrations and combinations of auxins and cytokinins. The opt imum 
response for the shoot regeneration was recorded on MS medium 
supplemented w i th a combination of BA (10 JL/M) and NAA (0.5 /L/M). 
About 80 % of the explants proliferated on this medium wi th 9.6 ± 0.5 
shoots per explant in 6 weeks. 
The effect of thidiazuron (TDZ) was investigated on in vitro shoot 
proliferation f rom nodal explants of R. tetraphylla. MS medium containing 
TDZ (0.5 - 10 )L/M) was effective in inducing shoot buds and maintained 
high rates of shoot multiplication on a growth regulator free medium. The 
highest shoot regeneration frequency (90 %) and mean number (18.50 ± 
1.25) of shoots per explant were achieved f rom nodal segments cultured on 
MS medium supplemented with 5 fjM TDZ for four weei<s prior to transfer 
to MS medium without TDZ for 8 weeks. 
The regenerated shoots rooted best on MS medium supplemented 
with 0.5 / J M IBA. The in vitro raised plantlets with well developed shoots 
and roots were acclimatized successfully and showed 90 % survivability 
when transferred to field conditions. 
Nodal segments obtained from in vitro cultures of R. tetraptiylla 
were encapsulated in calcium alginate hydrogel containing MS medium. 
Encapsulated buds exhibited the best shoot development on MS medium 
supplemented with 10 fiM BA, 0.5 fiM NAA and 3% sucrose and gelled 
with 0.8 % agar. Encapsulated nodal segments demonstrated successful 
regeneration after different periods (1-8 weeks) of cold storage at 4 °C. 
Among the five different periods of cold storage, the beads stored for 4 
weeks showed maximum frequency (86 %) of shoot proliferation when 
placed back to regeneration medium. The regenerated shoots rooted on MS 
medium containing 0.5 j iM IBA. Plantlets with well developed shoot and 
roots were hardened off to survive in ex vitro conditions and their 
establishment in the soil. 
Micropropagated plantlets of R. tetraptiylla were exposed to dual 
light intensity (50 and 300) for 28 days to asses light dependent changes in 
physiological and biochemical behavior. Throughout adaptation, plantlets 
were screened for variations in pigments {Chi a, b and carotenoids) 
content, net photosynthetic rate and for various enzymes (SOD, catalase, 
APX and GR) activities. Differences in the chlorophyll and carotenoid 
contents revealed conversion of heterotrophic genotype into flourishing 
5 
autotrophic mode of nutrition during hardening of plantiets. Although, high 
PPFD exposure induced a marginal differences for Chi (a, b) and 
carotenoids generation. But, the differences were significantly different over 
control. Such changes over control illustrated the specific protective role of 
carotenoids against photo-oxidative damage. A time dependent generation 
of free radical scavengers, have been observed throughout acclimatization 
with high PPFD. The increased level of SOD production indicated its 
preventive mechanism of membrane oxidation and damage to biological 
molecules in high light acclimatized plantiets. However, no significant APX 
and GR activity has been observed. This may be attributed to inactivation 
of stromal and thylakoid bound APX easily. 
The findings of my study lead to the following conclusions; 
1. Direct shoot regeneration in T. indica has been achieved through 
nodal segments. MS medium supplemented with BA (2.5 ^M) + 
NAA (0.5 / J M ) + AA (100 mg/1) stimulated maximum frequency of 
regeneration. 
2. Callus was raised from leaf, petiole and nodal explants. The 
maximum frequency of organogenic callus formation was obtained 
on MS medium containing 2,4,5-T (lOjL/M). 
3. Maximum frequency of adventitious shoot regeneration was 
achieved from leaf derived callus on MS medium supplemented with 
kin (5.0 pM). 
4. V2MS medium supplemented with IBA (0.5 juM) showed best 
rhizogenesis in T. indica. 
5. A combination of BA and NAA proved effective for direct sinoot 
regeneration in R. tetraphylla. MS medium containing BA (10/JM) + 
NAA (0.5 juM) elicited maximum regeneration. 
6. Best rooting was achieved on MS medium supplemented with IBA 
(0.5 ^M) in R. tetraphylla. 
7. The encapsulated nodal segments of both the plants showed re-
growth ability after 4 weeks of storage at 4 °C. 
8. The successful acclimatization of micropropagated plantlets suggested 
the development of functional photosynthetic machinery and 
antioxidant enzymatic protective system. 
The regeneration system developed is expected to facilitate our 
efforts in producing genotypes of commercial exploitation and provided 
the first step towards the genetic transformation studies aimed at improving 
these plants. As a part of domestication strategy, these plants can be grown 
and further cultivated in fields. The application of these protocols can help 
to minimize the pressure on wild populations and contribute to the 
conservation of these valuable plants. Regeneration of plants from alginate 
encapsulated nodal segments could be used as nodal delivery system for 
germplasm storage and exchange. 
Tissue Culture and Plant Regeneration Studies on 
Tylophora indica (Burm. f.) Merrill and 
Rauvolfia tetraphylla L. 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
HBoctor of ptiiloi^optip 
IN 
BOTANY 
BY 
MOHD. FAISAL 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2006 
T7164 
L^&c(/vC'C^e^'^f> 
^ U' lt:^Ue/t/ 
J-^c^e^ ('yvCAia^ Mvrwc^ci 
°3r. C^^ohammad A.m 
Ph.D (Luck), FBS, FISG 
Professor 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH-202 002, INDIA 
Dated; June 6, 2006 
Certificate 
Certified that the ttiesis entitled "Tissue Culture and Plant Regeneration 
Studies on Tylophora indica (Burm. f.) Merrill and RauvoKa tetraphylfa L." 
submitted to the Aligarh Muslim University, Aligarh, in fulfilment of the requirement 
for the award of the degree of Doctor of Philosophy, embodies the original 
research work candled out by Mr. Mohd. Faisal under my guidance and 
supervision. The work has not been submitted elsewhere in part or full for the 
award of any other degree of this or any other university. 
Professor (Dr.) Mohammad Anis 
Supervisor 
TeL Off. 0571-2702016; Res. 0571-2501892; E-mail: anisml@rediffmaiLcom, 
Home address: C-3, New Duplex, S.S. Nagar, Aligarh-202 002 
CONTENTS 
ACKNOWLEDGEMENTS 
PUBLICATIONS BASED ON THIS STUDY 
ABBREVIATIONS 
1-11 
iii 
iv-v 
CHAPTER 1: 
1.1. 
1.2. 
1.2.1. 
1.2.2. 
1.2.3. 
1.2.4. 
1.3. 
1.3.1. 
1.3.2. 
1.3.3. 
1.3.4. 
INTRODUCTION 
In vitro propagation techniques 
Tylophora indica 
Description 
Health concerns 
Characteristics and constituents 
Action and Uses 
Rauvolfia tetraphylla 
Description 
Health concerns 
Characteristics and constituents 
Action and Uses 
1-16 
6 
n 
11 
12 
12 
13 
13 
14 
14 
14 
15 
1.4. Objectives 
CHAPETR 2: REVIEW OF LITERATURE 
2.1. 
2.2. 
2.3. 
2.4. 
2.5. 
2.5.1. 
2.5.2. 
Direct regeneration 
Callus culture and plant regeneration 
Root development 
Synthetic seeds 
Hardening and Acclimatization 
Physiological Parameters 
Biochemical Parameters 
16 
17-39 
20 
26 
31 
33 
35 
37 
38 
CHAPTER 3: MATERIALS AND METHODS 
3.1. 
3.2. 
3.3. 
3.3.1. 
3.3.2. 
3.3.3. 
Plant material and explant source 
Surface Sterilization of Explants 
Culture Media 
Preparation of stock solution 
Growth regulator and carbon source 
Adjustment of pH, gelling of medium and 
sterilization 
40-61 
40 
40 
40 
42 
44 
44 
3.4. Sterilization of glasswares and instruments 44 
3.5. Sterilization of laminar airflow hood 45 
3.6. Inoculation and incubation 45 
3.7. Rooting 45 
3.8. Synthetic seeds production 46 
3.8.1. Plant materials and explant source 46 
3.8.2. Encapsulation matrix 46 
3.8.3. Encapsulation, planting media and culture 46 
conditions 
3.8.4. Low temperature storage 47 
3.9. Hardening and Acclimatization 47 
3.10. Physiological and biochemical studies during 48 
acclimatization 
nent 48 
Is estimation 48 
49 
50 
50 
51 
52 
52 
53 
53 
54 
54 
55 
55 
56 
56 
56 
56 
3.10.1. 
3.10.2. 
3.10.3. 
3.10.3.1. 
3.10.3.2. 
3.10.3.3. 
3.10.4. 
3.10.4.1. 
3.10.4.2. 
3.10.4.3. 
3.10.5. 
3.10.5.1. 
3.10.5.2. 
3.10.5.3. 
3.10.6. 
3.10.6.1. 
3.10.6.2. 
3.10.6.3. 
Leaf gas exchange measu 
Chlorophyll and caroten 
Superoxide dismutase 
Procedure 
Enzyme assay 
Preparations of reagents 
Catalase 
Procedure 
Enzyme assay 
Preparations of reagents 
Glutathione reductase 
Procedure 
Enzyme assay 
Preparations of reagents 
Ascorbate Peroxidase 
Procedure 
Enzyme assay 
Preparations of reagents 
3.10.7. 
3.10.7.1. 
3.10.7.2. 
3.11. 
3.11.1 
3.11.2. 
3.12. 
3.13. 
CHAPTER 4: 
4.1. 
4.1.1. 
4.1.1.1. 
4.1.1.2. 
4.1.1.3. 
4.1.1.4. 
4.1.2. 
4.1.2.1. 
4.1.2.2. 
4.1.2.3. 
4.1.2.4. 
4.1.3. 
4.1.3.1. 
4.1.3.2. 
4.1.3.3. 
4.1.4. 
4.1.4.1. 
4.1.4.2. 
4.1.4.3. 
4.1.4.4. 
Soluble protein 
Procedure 
Preparations of reagents 
Anatomical Studies 
Fixation and Storage 
Embedding, sectioning and staining 
Chemicals used 
Statistical analysis 
RESULTS (With 28 Figures) 
Tylophora indica 
Direct shoot regeneration 
Effect of cytokinin 
Effect of auxin and cytokinin 
Effect of Ascorbic acid 
Effect of medium strength and pH 
Indirect shoot regeneration 
Callus induction from different explants 
Shoot differentiation from leaf callus 
Shoot differentiation from petiole callus 
Shoot differentiation from nodal callus 
Rooting of regenerated shoots 
In vitro rooting 
Ex vitro rooting 
Acclimatization 
Synthetic seeds 
Effect of alginate concentration on bead 
formation 
Plant regeneration from alginate encapsulated 
beads 
Low temperature storage 
Establishment of plants in soil 
57 
58 
58 
59 
59 
60 
60 
61 
62-9 
62 
62 
62 
63 
66 
66 
68 
68 
70 
72 
74 
76 
76 
76 
77 
80 
80 
80 
80 
81 
4.1.5. Physio-biochemical studies 83 
4.1.5.1. Pigments and photosynthesis 83 
4.1.5.2. Enzymatic activities 84 
4.2. 
4.2.1. 
4.2.1.1. 
4.2.1.2. 
Rauvolfia tetraphylla L. 
Direct shoot regeneration 
Effect of auxin and cytokinin 
Effect of TDZ doses and duration 
85 
85 
85 
87 
4.2.2. 
4.2.3. 
4.2.4. 
4.2.4.1. 
4.2.4.2. 
Rooting of regenerated shoots 
Acclimatization 
Synthetic seeds 
EiiecX of Na-Alginate concentration on bead 
formation 
Shoot regeneration from encapsulated 
beads 
88 
89 
92 
92 
92 
4.2.4.3. 
4.2.4.4. 
4.2.5. 
4.2.5.1. 
4.2.5.2. 
CHAPTER 5: 
CHAPTER 6: 
6.1. 
6.2. 
REFERENCES 
Low temperature storage 
Rooting and plant establishment 
Physio-biochemical studies 
Pigments and photosynthesis 
Enzymatic activities 
DISCUSSION 
SUMMARY AND CONCLUSIONS 
Tylophora indica 
Rauvolfia tetraphylla L. 
93 
93 
95 
95 
96 
97-113 
114-120 
114 
117 
121-146 
ACKNOWLEDGEMENTS 
I feel my immense pleasure to express my heartiest gratitude to my 
revered and esteemed supervisor, Professor M. Anis, for his guidance. 
suggestions, constructive criticism, help and encouragement during the entire 
course of my research work. His example to critically conduct the investigations 
with deep precision wil l always remain a source of inspiration for me 
throughout my life. His dynamic personality and strife for perfection had 
always inspired me during the study and wil l remain so in my future pursuit 
research. 
1 am highly obliged to Professor A.H. Khan, Chairman, Department of 
Botany, Aligarh Muslim University, Aligarh for providing all the necessary 
facilities to carry out the given task efficiently. 
1 express my heartfelt thanks to Dr. Anwar Shahzad, my senior 
colleague, for his positive outlook, scientific discussions and generous help. I 
also thank my friend Mr. Quaiser Saquib for his spontaneous help, suggestions 
and constant encouragement throughout the work. In addition, the present and 
past colleagues in the plant tissue culture lab and other members of the 
Department who created a warm, open atmosphere and assisted me in many 
ways are acknowledged: Mr. Anis Mohammad, Ms. Hina Khan, Mr. M. Kashif 
Husain, Mr. Naseem Ahmad, Ms Iram Siddique, Dr. Manzer Hussain Siddique, 
Mr. Sayeed Akhtar, Mr. Nasiruddin and several others. 
I am grateful to the Center for Transgenic Plant Development, Jamia 
Hamdard, New Delhi, and the staff members especially Dr. Irfan Qureshi and 
Dr. Altaf Ahmad for their support and advice in physiological and biochemical 
studies. 
I wish to express my deep genuflection to my mother Mrs. Suraiya, 
uncle, Mr. Sarfaraz Ahmad, brothers Mr. Mohd. Asfar, Mr. Mohd. Afzal, Mr, 
Mohd. Akmal and sister Sadaf, who have always been a source of inspiration to 
me and whose constant admonitions, prayers affection and love made reach 
this study. 
Financial support from the University Grants Commission and Council of 
Scientific and Industrial Research (Government of India), New Delhi is greatly 
acknowledged. 
(MOHD. FAISAL) 
PUBLICATIONS BASED ON THIS STUDY 
1. Faisal M and Anis M (2002) Rapid in vitro propagation of Rauvolfia 
tetraphiylla L - an endangered medicinal plant. Physiol. Mo l . Biol. Plants 
8: 295-299. 
2. Faisal M and Anis M (2003) Rapid mass propagation of Tylopfiora indica 
Merrill via leaf callus culture. Plant Cell Tissue Org. Cult. 75: 125-129. 
3. Faisal M and Anis M (2005) An efficient in vitro method for mass 
propagation of Tyloptiora indica. Biologia Plantarum 49: 257-260. 
4. Faisal M, Ahmad N and Anis M (2005) Shoot multiplication in Rauvolfia 
tetraphylla L using thidiazuron. Plant Cell Tissue Org. Cult. 80: 187-190. 
5. Faisal M, Singh S and Anis M (2005) In vitro regeneration and plant 
establishment of Tylophora indica (Burm. f.) Merri l l : petiole callus 
culture. In Vitro Cell. Dev. Biol. Plant. 41: 511-515. 
6. Faisal M, Ahmad N and Anis M (2006). In vitro plant regeneration from 
alginate-encapsulated microcuttings of Rauvolfia tetraphylla L. American-
Eurasian J. Environ. A"ric. Sci. 1: 1-6. 
*«>' 
RELATED PUBLICATIONS 
1. Faisal M and Anis M (2005) In vitro regeneration and mass propagation 
of Rutagraveolensl. HortScience 40: 1478-1480. 
2. Faisal M, Siddique 1 and Anis M (2006). In vitro rapid regeneration of 
plantlets from nodal explants o^ Mucuna pruriens L. (DC.) - a valuable 
medicinal plant. Annals of Applied Biology 148: 1-6. 
3. Faisal M and Anis M (2006). Thidiazuron induced high frequency axillary 
shoot multiplication in Psoralea corylifolia. Biologia Plantarum 50: 437-
440. 
4. Faisal M, Siddique 1 and Anis M (2006). An efficient plant regeneration 
system for Mucuna pruriens L. (DC.) using cotyledonary node explants. In 
Vitro Cell. Dev. Biol. Plant. 42: 59-64. 
Ill 
ABBREVIATIONS 
AA 
AOS 
APX 
BA 
CAT 
Chi 
cm 
2,4-D 
2,4,5-T 
DDW 
s 
EDTA 
EU 
FAA 
g 
GR 
GSH 
esse 
h 
lAA 
IBA 
IRGA 
kin 
M 
mg 
mg/1 
min 
Ascorbic acid 
Activated oxygen species 
Ascorbate peroxidase 
6-benzyIadenine 
Catalase 
Chlorophyll 
Centimeter 
2,4-dichlorophenoxyacetic acid 
2,4,5-trichlorophenoxyacetic acid 
Double distilled water 
Extinction coefficient 
Ethylene diamine tetraacetic acid 
Enzyme units 
Formalin acetic acid 
Gram 
Glutathione reductase 
Reduced glutathione 
Oxidized glutathione 
Hour 
Indole -3- acetic acid 
Indole -3-butyric acid 
Infra Red Gas Analyzer 
Kinetin 
Molarity 
Milligram 
Milligram per liter 
Minute 
IV 
ml 
mm 
mM 
[JM 
MS 
N 
NAA 
NADPH 
NBT 
nm 
OD 
PN 
PPFD 
ppm 
PVP 
RH 
ROS 
rpm 
sec 
SOD 
TCA 
TDZ 
UV 
v/v 
W 
w/v 
% 
Milliliter 
Millimeter 
Millimolar 
Micromolar 
Murashige and Skoog's medium 
Normality 
a- naphthalene acetic acid 
Nicotinamide adenine dinucleotide phosphate reduced 
Nitroblue tetrazolium 
Nanometer 
Optical density 
Net photosynthetic rate 
Photosynthetic photon flux density 
Parts per million 
Polyvinylpyrrolidone 
Relative humidity 
Reactive oxygen species 
Rotation per minute 
Second 
Superoxide dismutase 
Trichloroacetic acid 
Thidiazuron 
Ultraviolet 
Volume by volume 
Watt 
Weight by volume 
Percentage 
I'y^'VO ^ 4^/^'iO'r\/ 
Chapter 1 
INTRODUCTION 
Biodiversity encompasses all biological entities occurring as an 
interacting system in a habitat or ecosystem and plants constitutes a very 
important segment of such biological system. Biodiversity of plants 
collectively knou/n as "Plant Genetic Resources" is a key component of any 
agriculture product ion system, indeed of any ecosystem, wi thout which 
natural evolutionary adjustment of the system to the changing 
environmental and biotic conditions wou ld be impossible. Plant 
biodiversity is an irreversible resource which generates food, fibers, fuels 
and medicines that a l low man's life to exist. When a plant is designated as 
'medicinal', it is implied that it is useful as a therapeutic agent or an active 
ingredient for a medicinal preparation. The medicinal plants have been 
used by humans f rom the pre-historical times. During the course of the 
history, man learned to exploit the medicinal plants for his welfare as well 
as for other benefits through trial and error. Interests in the exploitation of 
medicinal and aromatic plants as pharmaceuticals, herbal remedies, 
flavouring, perfumes and cosmetics, other natural products have greatly 
increased in the recent years (Anon, 1994; Ayensu, 1996; Salleh et al., 1997; 
Kumar et al., 2000) . 
Medicinal plants offer alternative remedies w i th tremendous 
opportunities. They not only provide access affordable medicine to poor 
people, but can also generate income, employment and foreign exchange 
for developing countries. Many traditional inealing herbs and plant parts 
have been shown to have medicinal value, especially in rural areas and that 
can be used to prevent, alleviate or cure several human diseases. The World 
Health Organization (WHO) estimates that some 80 % of the developing 
world relies on traditional medicine and that, of these 85 % used plants or 
their extracts as the active substances (Sheldon et al., 1998). This means that 
closed to 3 billion people rely on plants for medicine. 
As a megadiversity country, over 15,000 species of higher plants are 
so far recorded in India. Of these nearly 50 % reported to have medicinal 
value (Dhar et al., 2000). Medicinal plants, which constitute a segment of 
the flora provide raw materials for use in all the indigenous system of 
medicine in India namely, Ayurveda, Unani, Sidha and Tibetan medicine. 
On account of the fact that the derivatives of medicinal plants are non-
narcotic having no side effects, the demand for these plants is on the 
increase in both developing and developed countries. In developing 
countries as a whole, it is estimated that over 6000 plants are utilized in 
traditional medicine (Srivastava et al., 1995). This estimation, however 
under scores the use of medicinal plants in many countries; for example, the 
Chinese traditional medicine alone employs an estimated 5000 officially 
recognized plants (Farnsworth and Soejarto, 1991). The National Cancer 
Institutes in the United States so far has tested 35,000 species of higher 
plants for the anti-cancer activity. 
Ours is an era of profound changes on the surface of earth, changes 
driven by an unprecedented level of human demands on the resources of 
our planet (Gadgil and Meher-Homji, 1986). Most plausible scenarios today 
suggest that we are likely to lose as much as half of an estimated total of 10 
millions species of living organism by the end of the century (Ehrlich and 
Ehrlich, 1981; Gadgil and Meher-Homji, 1986). Nearly 25 % of the 
estimated 250,000 species of vascular plants in the u/orld may become 
extinct within next 50 years. Since, such a loss will be irreversible, it is 
obviously a matter of prime human concern to avert it. 
The importance of biodiversity and necessity for its conservation 
were first discussed in a big way in the United Nation (UN) General 
Assembly in 1983, when a world commission on environment and 
development was setup. A world conference on Environment and 
Development was held at Rio de Janero in June 1992, where 157 countries 
signed an agreement to conserve biodiversity. However, the pivotal role of 
biodiversity and its utilization in the health care system drew the attention 
of WHO, and the World Health Assembly passed several resolutions 
pertaining to the study, use of traditional medicines healthcare and the 
importance of medicinal plants in general. It further realized that many 
medicinal plants face extinction or severe genetic loss and deserve 
immediate conservation attention. WHO, lUCN and WWF published 
guidelines on conservation of medicinal plants in 1993 including basic 
studies, their utilization and conservation in natural habitats, ex situ 
conservation efforts and mass awareness through communication. 
Rapid industrialization and urbanization has led to over exploitation 
of our natural resources. In addition environmental pollution has caused 
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the loss of forest cover, land degradation and depletion of valuable genetic 
resources. Further, the increasing wor ld demand and renewed global 
interests in traditional ethnopharmacy coupled w i th increasing preference 
for natural substances in the healthcare system, the natural stock of the 
medicinal plants is under tremendous pressure. Around 90 % of the 
medicinal plants used by the Indian industries today are collected from the 
wi ld and less than 10 % plants are under commercial cult ivation. Over 70 
% of the plant collection involves destructive harvesting because of the use 
of parts like root, bark, w o o d , stem and the whole plants. This poses a 
definite threat to the genetic stocks and to the diversity of medicinal plants. 
Therefore, there is an immediate need for conservation of these valuable 
wealth and steps need to be taken up urgently for sustainable use of these 
plant resources. Conservation of medicinal plant species is possible through 
either in situ or ex situ or preferably through a combination of both. The 
major constraints in in situ conservation of these plants include slow 
regeneration rates, over-exploitation and destruction of their natural 
habitats. Therefore, alternative technologies need to be developed for their 
multiplication; tissue culture and other biotechnology based methods offer 
tremendous scope towards meeting the desired objectives. Biotechnology 
can lead to new and improved methods for preservation of plant genetic 
resources, and can accelerate the evaluation of germplasm collection for 
specific traits. Maintenance of wide genetic base which is an important 
dement of biodiversity, is essential to the future of biotechnology and the 
sustainable use of biological resource. New technologies may increase the 
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value of the wo r l d biodiversity if these al low increase use of the genetic 
diversity of both w i ld and domestic species. There are four main areas of 
biotechnology which can directly assist plant conservation programme: 
A. Molecular markers technology 
B. Molecular diagnostics 
C. Tissue culture {in vitro technologies) 
D. Cryopreservation 
Plant tissue cultures refers to the in vitro cult ivation of plants, seeds, 
plant parts (tissues, organs, embryos, single cells, protoplasts) on a nutrient 
media under aseptic conditions. This technique offers the opportunity to 
study the factors that elicit the totipotency of cells and also helps in the 
investigations of factors controll ing cytological, histological and 
organogenic differentiation. Plant tissue cultures covers all type of aseptic 
plant cultures and can be distinguished into; 
Seed culture 
Embryo 
culture 
Cell 
culture 
Callus 
culture 
Plant Tissue 
Culture 
Meristamatic 
culture 
Protoplast 
culture 
Organ 
culture 
Bud culture 
Tissue culture (or in vitro) techniques have had a major impact on 
the ex situ conservation of plant genetic resources and importantly, disease 
indexed in vitro maintained germplasm provides an excellent means of 
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mediating international germplasm exchange. Micropropagation, using 
somatic embryos and shoot culture techniques assists many plant 
improvement programmes and increasingly these methods are being used 
for the in vitro propagation and conservation of endangered medicinal 
plant species. In view of the enforcement intellectual property right (IPR) 
and with the opening of world market and liberalization of trade and 
commerce in post GATT era, it has become essential that in India we utilize 
such a powerful technique for mass production of elite varieties of crop. 
India with vast biodiversity, has unlimited potentials to earn foreign 
exchange by competing successfully in the market. There is going to be a 
global demand of over 2 billion plants by the turn of the century against 
500 million produced presently by tissue culture techniques. The recent 
development in micropropagation of plants through tissue culture 
techniques has been of great help in the cultivation of medicinal plants by 
providing planting material of standard quality (George and Sherrington, 
1984). Recent advances in biotechnology for producing transgenic plants 
have added new dimension towards plant sciences research. 
1.1. In wf/rj propagation techniques 
Plant biotechnology utilizes a range of in vitro techniques to 
manipulate plant germplasm, including clonal multiplication, generation of 
novel variants and genetic transformation (Vasil and Thorpe, 1994). Clonal 
micropropagation through in vitro cell and tissue culture techniques are 
being used widely for the commercial propagation and re-vegetation of a 
large number of species, including many medicinal plants (Rout et al., 
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2000). Complete plants have been regenerated from callus cultures, excised 
anthers and in vitro regeneration has been achieved from organized tissues 
by multiplication of meristems and axillary buds. In many cases it provides 
an opportunity to maintain true-to-type plant species and the propagation 
system can produce a large number of plants from a single clone. 
Plant tissue culture is presently of great interests to molecular 
biologists, plant breeders and industrialists. Methods of tissue culture have 
been employed as an important aid to conventional methods of plant 
improvements. These have also been used as a tool for the propagation of 
genetically manipulated superior clones and for ex vitro conservation of 
valuable germplasm. The progress in use of cell or tissue culture in 
producing pathogen free plants as well in the synthesis of many important 
secondary compounds has been very significant. 
Thus to sum up, various components of the application of tissue 
culture technology would be; 
> Micropropagation 
> Conservation through cryopreservation 
> Bioproduction of value added secondary metabolites 
> Biotransformation of bioactive molecules 
> Genetic upgradation for improvement; 
• Somatic hybridization 
• Somaclonal variation 
• Transgenic plants 
Tissue culture has proved that life originated from a single cell which 
means that the living cells are totipotent. Actually the idea of totipotency 
was for the first time conceived by a great German Botanist Gottlieb 
Haberlandt (1902), although he was unsuccessful to prove his conception. 
Development in the technology of plant tissue culture since its pioneering 
experiment by White (1934, 1937), Laibach (1925, 1929), Gautheret (1934). 
Skoog (1944), Skoog and Miller (1957) and Murashige and Skoog (1962) 
have contributed in establishing a strong foundation for the application of 
this versatile technology. Ball (1946) successfully raised transplantable 
plantlets of Lupins and Torpaeolum by culturing their shoot mersitem. The 
utility of this technique was soon realized by Morel (1960) for rapid 
propagation of orchids, Cymbidium. This field of experimental botany has 
advanced rapidly over the years due to extensive investigation into the 
problems related to basic and applied aspects of plants. Knowledge of tissue 
culture has contributed greatly to our understanding of the factors 
responsible for growth, metabolism, differentiation, and morphogenesis. 
During the last few years, there has been an increased interests in in 
vitro culture techniques which offer a viable tool for mass propagation and 
germplasm conservation of medicinal and aromatic plants (Bajaj et al., 
1988; Arora and Bhojwani, 1989; Purohit et al., 1994, Pattnaik and Chand, 
1996; Rout, 2002; Amo-Macro and Ibanez, 1998; Faisal and Anis 2003, 
Faisal et al., 2005a). 
From the pharmaceutical point of view, the most widely considered 
method of propagation of medicinal plants is from existing meristems 
(direct regeneration) as it produces identical plants with desired traits (Hu 
and Wang, 1983; George, 1993; Salvi et al., 2002). Successful in vitro 
propagation of several medicinal plants has been discussed in the literature 
and the reports on Tylophora indica and Rauvolfia tetrapliylla are 
summarized in table 1 and 2. 
T. indica is rapidly disappearing and is now listed as one of the plant 
species in India vulnerable to extinction. Likewise, R. tetrapliylla, another 
potential medicinal plant has been reported as endangered species 
(Anonymous, 2000). Therefore, there is an urgent need to conserve both 
these species ex situ through in vitro methods. Thus, considering the 
medicinal importance and current status of both these plants, the present 
work has been attempted with a view to propagate them through in vitro 
techniques. It is envisaged that applied knowledge generated through the 
study will be of direct value and would contribute towards in vitro 
regeneration, multiplication and conservation of these species which are 
facing the risk of extinction. 
Table 1. Current status of Tylophora indica and Rauvolfia tetraphylla tissue 
culture 
Plant name Explant Response References 
T. indica Leaf 
protoplast 
Leaf 
Nodal 
Nodal 
Leaf 
Leaf 
Leaf 
Leaf 
Callus, embryo; 
shoot bud 
Callus, plant 
regeneration 
Axillary shoot 
proliferation 
Multiple shoot 
formation 
Multiple shoot 
formation 
Callus, somatic 
embryogenesis 
Callus, somatic 
embryogenesis 
Callus, plant 
regeneration 
Root Callus, meristemoid, 
plant regeneration 
Stem Callus, plant 
regeneration 
Petiole Callus, adventitious 
shoot regeneration 
Leaf Callus, plant 
regeneration 
1984 
Bera and Roy, 1991 
Sharma and 
Chandel, 1992 
Chattopadhyay et 
a!., 1992 
Bera and Roy, 1993 
Manjula et a!., 
2000 
Jayanthi and 
Mandal, 2001 
Faisal and Anis, 
2003 
Chaudhuri et aL, 
2004 
Faisal and Anis, 
2005 
Faisal et a!.. 2005a 
Thomas and 
Boban, 2005 
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Table 2. Current status of Rauvolfia tetraphylla tissue culture 
Plant name Explant Response References 
R. tetraphylla Nodal 
Nodal 
Nodal 
Nodal 
Nodal 
Multiple shoot, plant Patil and Jayanti, 
regeneration 1997 
Multiple shoot, plant Sarma et a!., 1999 
regeneration 
Multiple shoot, plant Faisal and Anis, 
regeneration 2002 
Multiple shoot, plant Faisal et a!., 2005b 
regeneration 
Synthetic seeds, plant Faisal et al., 2006a 
regeneration 
1,2. Tylophora indica (Burn, f.) Merrill 
Synonym (s) Asclepias asthamatica L. f., Cynanchum 
indicum Burm. f., Tylophora asthamatica 
(L f.) Wight & Am. 
Asclepiadaceae 
Indian ipecac 
Antamul, Jangali-pikavam 
Endangered 
Leaf and root 
Family : 
English name 
Hindi name 
Status 
Plant parts used : 
1.2.1. Description 
Tylophora indica (Burm. f.) Merrill is a perennial woody climber 
native to plain, forests and hills of southern and eastern India, ascending to 
an altitude of 900m (Anonymous, 2003). Roots long, fleshy, with 
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longitudinally fissured light brown, corky bark. Leaves; 5-8 cm long, 
opposite, entire, ovate to orbicular, acuminate, cordate at base, thick, 
glabrous above and downy below, odour disagreeable when bruised and 
taste nauseous. Flowers; minute, 1-1.5 cm across in 2-3 flowered fascicles in 
axillary umbellate cymes. Seeds; broadly ovate or ovate-oblong, flat, 
brown, dark coloured in centre; coma 2-2.5 cm (Kirtikar and Basu, 1935; 
Jagtap and Singh, 1999). 
1.2.2. Health concerns 
Tylophora indica has been used in connection with the foilowing 
conditions; 
Ranking Health concerns 
Primary Asthma 
Secondary Hay-fever 
Others Diarrhoea 
1.2.3. Characteristics and constituents 
Apart from alkaloids, the plant was found to contain the following 
constituents; ethyl alcohol, a phytosterol, wax, 
mucilage, resin, caute-houe, chlorophyll, 
colouring matter, tannin, glucose, calcium salts 
and potassium chloride. The major constituent 
in the plant is alkaloid, tylophorine that is 
responsible for strong anti-inflammatory action 
(Gopalkrishnan et al., 1979) and tylophorinine. Also the root contains a 
potential anti-tumour alkaloid tylophorinidine (Mulchandani et al., 1971). 
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1.2.4. Action and uses 
Tylophora indica has been traditionally used as a folk remedy in 
certain regions of India for the treatment of bronchial asthma (Bielory and 
Lupoli, 1999), inflammation, bronchitis, allergies, rheumatism and 
dermatitis (Gupta and Bal, 1956; Dhananjay et al., 1974; Gupta et al., 1979; 
Gore et al., 1980). In the later half of the 19*^  century, it was called Indian 
ipecacuahana, as the roots of the plant have often been employed as an 
effective substitute for ipecac. Its use to induce vomiting led to the 
tylophora's inclusion in Bengal pharmacopia (Nadkarni, 1976). 
The root and leaves possess emetic and purgative properties. They 
are reported to contain amorphous alkaloids. They possess stimulant, 
emetic, cathartic, stomachic and diaphoretic properties and are used for 
treatment of asthma, bronchitis, whooping cough, dysentery and diarrhoea; 
they are reported to be given in rheumatic and gouty pains (Joshi, 2000). 
The roots are said to possess bacteriostatic properties and have been 
suggested to be good natural preservatives. The root and leaves are also 
reported to be used in hydrophobia. 
1.3. Rauvolfia tetraphylla L 
Synonym (s) : Rauvolfia canescens L., Rauvolfia 
heterophylla Roem & Schult., Rauvolfia 
hirsutalaeq. 
Family : Apocynaceae 
English name : Be-still tree, devil-pepper 
Hindi name : Barchandrika 
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Status : Endangered 
Plant parts used : Root 
1.3.1. Description 
Rauvolfia tetraphylla L is an evergreen woody shrub distributed in 
tropical Asia, Africa and America, In India, it is found as an escape from 
cultivation in various states like Uttar Pradesh, Bihar, Orissa, Madhya 
Pradesh, Andhra Pradesh, West Bengal and Kerala (Anonymous, 2003). 
Branches with four unequal leaves in whorls, to 20 cm long, dark green 
above and pale green below. Root odourless, very bitter, tuberous, soft 
sometimes irregular nodular, bark pale brown, corky irregular longitudinal 
fissures. Flowers creamy white with slender tube followed by glossy red 
berries, 1 cm in diameters. 
1.3.2. Health concerns 
Rauvolfia tetraphylla has been used in connection with the following 
conditions: 
f Ranking 
Primary 
Secondary 
Others 
Health concerns ^ 
Hypertension 
Diarrhoea 
Dysentery , 
1.3.3. Characteristics and constituents 
Several indole alkaloids have been reported from this plant, which 
grows world wide (Haack et al., 1954; Stoll and Hoffman, 1955; 
Mukherjee, 1961). The constituents in this plant are alkaloids ajmaline, 
ajmalicine, alstonine, ancine, cerynanthine, deserpidine, iso-reserpiline, 
14 
reserpine, cp-reserpine, isoreserpine, serpagine, serpentine, serpentinine. 
tetraphyllicine, tetraphyline, yohimbine, a-yohimbine, p-yohimbine and y-
yohimbine Anonymous, 2003). Reserpine is the major alkaloid, which has 
two nitrogen and possesses a complex structure. 
CH,0 
R=0CH3 
Structure of reserpine 
1.3.4. Action and uses 
The drug of Rauvolfia consists of air dried roots. In India, it is being 
employed for centuries for the relief of various central nervous system 
disorders. Extracts of the roots are valued for the treatment of intestinal 
disorder particularly diarrhoea and dysentery. Reserpine is 
pharmacologically most protected alkaloid that depresses the central 
nervous system and produce sedation and lowers blood pressure 
(Anonymous, 2003). It is most valuable in young patient with mild labile 
hypertension associated with tachycardia. The root of this plant is also used 
to stimulate uterine contraction and recommended for use in difficult child 
birth cases. 
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1.4. Objectives 
The present experimental work was undertaken with the aim to 
establish a precise protocol for the in vitro propagation and multiplication 
of two important medicinal plants, Tyloptiora indica and Rauvolfia 
tetrapliylla vj\Xh following objectives: 
1. To formulate culture conditions for regeneration and multiplication 
and regenerant differentiation in somatic tissues. 
2. To investigate hormonal response for callus induction and plant 
regeneration via indirect organogenesis. 
3. To evaluate the optimal medium for rooting of regenerants. 
4. To prepare synthetic seeds using in vitro derived vegetative 
propagules. 
5. To acclimatize the in vitro raised plants in field conditions. 
6. To study the effects of different light intensity on photosynthesis and 
enzymatic activities during ex vitro establishment of tissue culture 
raised plantlets. 
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Chapter 2 
REVIEW OF LITERATURE 
In 1838 the Botanist Matthias Jakob Schleiden suggested that every 
structural element of plant is composed of cells or their products. The 
following year, a similar conclusion was elaborated for animals by the 
Zoologist Theodor Schwann. Schleiden and Schwann studied a wide variety 
of plant and animal tissues and proposed the "Cell Theory" in 1839. This 
theory holds that the cell is the unit of structure and function in an 
organism and therefore capable of autonomy. This idea was tested by 
several researchers, but the work of Votching (1878) on callus formation 
and on the limits to divisibility of plant segments was perhaps the most 
important. He showed that the upper part of a stem segment always 
produced buds and the lower end callus or roots independent of the size 
until a very thin segment was reached. He demonstrated polar 
development and recognized that it was a function of the cells and their 
location relative to the cut ends. Considering the applicability of this 
thought the German Botanist Gottlieb Haberlandt (1902) performed 
experiments to grow single cells of Lamium purpureum and Eichornia 
crass/pes on Knop's salt solution with sucrose and observed obvious growth 
in palisade cells. Although his attempt was unsuccessful, but nevertheless he 
predicted that "one could successfully cultivate artificial embryos from 
vegetative cells". He thus clearly established the concept of totipotency, 
and further indicated that "the technique of cultivating isolated plant cells 
in nutrient solution permits the investigation of important problems from a 
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new experimental approach". On the basis of his pioneering experiments, 
Haberlandt is justifiably recognized as the Father of tissue culture, in the 
early 1920s workers again attempted to grow plant tissues and organs in 
vitro. Molliard in 1921 demonstrated limited success with the cultivation of 
plant embryos and subsequently Kotte (1922a, 1922b), a student of 
Haberlandt in Germany and, independently Robbins (1922a, 1922b) was 
successful in the establishment of excised plant root tips in vitro. This 
approach, of using explants with meristamatic cells, led to the successful and 
indefinite culture of tomato root tips by White (1934). The combinations of 
three classes of ingredients in the medium were credited with the excellent 
growth observed by White (1934): balanced salts, sucrose and brewers' 
yeast. Soon after, Gautheret (1939) and Noubecourt (1939) reported the 
successful growth of plant callus tissue cultures. Proving one of the 
predictions of Haberlandt true, in 1941 Van Overbeeck and co-workers 
demonstrated for the first time the stimulatory effect of coconut milk on 
embryo development and callus formation in Datura (Van Overbeeck et 
al., 1941). 
Skoog and Miller (1957) put forth the concept of hormonal control 
of organ formation after the discovery of cytokinin (Miller et al., 1955). 
Since then tissue culture techniques revolutionized the improvement in 
plant species and conservation. The dream of Haberlandt for the cultivation 
of somatic embryos became true when the first report appeared on somatic 
embryogenesis in carrot tissues by Reinert (1958, 1959) and Steward et al., 
(1958). Later, Maheshwari and his co-worker became actively engaged in in 
18 
1///-/-C? techniques in 1960s and achieved landmark by raising haploid through 
anther culture of Datura innoxia (Guha and Maheshwari, 1964, 1966). 
One of the most significant breakthrough for successful clonal 
propagation was the development of a superior defined medium, known as 
Murashige and Skoog (MS; 1962). This continues to be perhaps the most 
commonly used medium in tissue culture even today. Although originally 
developed for tobacco callus cultures, it has proven to be an excellent 
medium for a multitude of plant species. In 1974 Murashige defined three 
major stages of the tissue culture methods: Stage I: establishment of the 
aseptic culture, where the explant is induced to grow. Stage 11: 
multiplication of propagule, where axillary shoots are induced to 
proliferate for clonal multiplication. His final stage was I I I : preparation for 
re-establishment of plants in soil. Subsequently, many working in clonal 
micropropagation have added stage 0: care and preparation of stock plant. 
This is because of the increased recognition of the importance of the 
condition and genetic makeup of the plant from which explants made. 
Additionally, many now subdivide Murashige's stage III into stage III: 
rooting (or pre-transplant) and stage IV: acclimatization of the rooted 
plantlets in a greenhouse or field. Frequently, stage IV can be the most 
problematic stage of the entire micropropagation process as the plants 
slowly acclimatize to the lower relative humidity, ex vitro environment 
(Preece and Shutter, 1991; Preece, 2001). However, stage II I and IV can be 
combined by rooting microshoots ex vitro at the same time they are 
acclimatized, as in Murashige's original stage I I I . 
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Later, in vitro techniques gained unbeatable recognition in plant 
sciences for successful micropropagation and improvement of plant species. 
A large number of plant species have been investigated all over the world, 
of which the review on some important medicinal plants has been 
categorized under the following heads; 
2.1. Direct plant regeneration 
Clonal propagation of plants in vitro was started as a result of 
observation made by Morel (1960) and Morel and Muller (1964) during 
culturing of virus free orchids, Cymbidium. Significant achievements in 
micropropagation of various plant species, including many medicinal plants. 
have been described by many authors during the last two decades 
(Murashige, 1978; Withers and Anderson, 1986; Skirvin et a!., 1990). 
Micropropagation of medicinal plants has been achieved through rapid 
proliferation of shoot-tips and axillary buds in culture. Various factors are 
reported to influence the success of in vitro propagation of different 
medicinal plants and therefore, it is unwise to define particular reason for 
the general micropropagation of medicinal plants. The factors that influence 
micropropagation of medicinal and aromatic plants has been reviewed by 
Murashige (1977), Hussey (1980, 1983), Hu and Wang (1983), 
Bhagyalakshmi and Singh (1988), and Short and Robert (1991). 
The influence of plant growth regulators and their interaction on in 
i///ro regeneration of different plant species has been discussed in details by 
Mor and Zieslin (1987), Skirvin et al., (1990), Rout and Das (1997a, b), 
Komalavalli and Rao (2000). The effects of auxins and cytokinins on shoot 
multiplication of various medicinal plants were reported (Table 1; Hunter, 
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1979; Nadgauda et al., 1980; Datta et al., 1981; Ahuja et al., 1982; 
Ammirato, 1982; Heble et al., 1983; Chaturvedi et al., 1984; Luckner et al., 
1984; Heble, 1985; Roja et al., 1985; Rech and Pires, 1986; Sakamura et al., 
1986; Benjamin et al., 1987; Ahmad and Pande, 1988a; Barna and Wakhlu, 
1988; Hunter, 1988; Ideda et al., 1988; Lai et al, 1988; Mathur et al., 1988, 
1989; Arora and Bhojwani, 1989; Jha and Jha, 1989; Upadhyay et al., 
1989; Cristina et al., 1990; Roja et a!., 1990; Mathur and Ahuja, 1991; 
Kulkarni et al., 1992; Rout et al., 1992; Sharma and Chandel, 1992; Bera 
and Roy, 1993; Sharma et al., 1993; Liskova et al., 1994; Rasai et al., 1994; 
Chen et al., 1995; Faria and Illg, 1995; Mao et al., 1995; Sahoo et al., 
1997; Saxena et al., 1998; Handique and Bora, 1999; Rout et al., 1999; 
Komalavalli and Rao, 2000; Tiwari et al., 2000; Fracaro and 
Echeverrigaray, 2001; Cascado et al., 2002; Arya et al., 2003; Beena et al., 
2003; Sivaram and Mukundan 2003; Lai-Keng and Leng, 2004; Anis and 
Faisal, 2005; Anis and Shahzad, 2005; Faisal et al., 2005; Gridhar et al., 
2005; Faisal et al., 2006b). Benjamin et al. (1987) reported that BA at 
higher concentration (1-5 ppm) stimulated the development of axillary 
meristems and shoot tips of Atropa belladona where as in Anona cherimola 
and Annona squamosa (Rasai et al., 1994) increase in kn level increased the 
number of shoots and fresh v^eight, but increase in BA level above 2 mg/l 
decreased the number of buds, length of shoots and fresh weight, as 
reported by Kantharajah and Dodd (1990) in Passiflora edulis. Effect of BA 
only on culture condition for multiple shoot regeneration from shoot 
tip/nodal segment was reported by several workers (Ahmad and Pande, 
1988 a, b; Kulkarni et al., 1992; Mao et al., 1995; Fracaro and 
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Echeverrigaray, 2001; Lai-Keng and Leng, 2004). Lai et al. (1988) reported 
a rapid proliferation rate in Picrorhiza kurroa using kinetin at 1-5 mg/1. 
Further, Barna and Wakkhlu (1988) indicated that production of multiple 
shoots was higher in Plantago ovata on a medium having 4-6 / J M kinetin 
along with 0.05 / J M N A A . Similarly, it was observed that cytokinin was 
required in optimal concentration for shoot proliferation in many 
genotypes but inclusion o^ low concentration o^ auxins along with 
cytokinin triggered the rate of shoot proliferation (Jha and Jha, 1989; Roja 
et al., 1990; Sharma and Singh, 1997; Shasany et al., 1998; Komalavalli and 
Rao, 2000; Beena et al., 2003; Sivaram and Mukundan, 2003; Anis and 
Shahzad, 2005; Faisal et al., 2005; Gridhar et al., 2005). 
A rapid rate of regeneration depends on the sub-culturing of 
proliferating shoot cultures. In case of prolonged cultures, the nutrients in 
the medium are gradually exhausted, and the same time, the relative 
humidity in vessels decreases leading to drying of the developing shoots for 
nutrients. Upadhyay et al. (1989) reported a propagation profile for 
Picrorhiza kurroa and observed that the shoot multiplication rate gradually 
improved as the number of sub-culture increased. They proposed the 
adaptation of the explants to in vitro conditions, which was essentially 
completed during the first few subcultures. Bajaj et al. (1988) obtained 
2200 plantlets of Thymus vulgaris from a single shoot grown in vitro for 
four month following four passages. Saxena et al. (1998) reported an 
average of 3-5 fold multiplication In Psoralea corylifolia when axillary 
shoots were allowed to continue in primary cultures for 8 weeks. Similarly, 
Shirin et al. (2000) reported in vitro plantlet production in Kaempferia 
25 
galanga on MS medium containing 12 jUM BA and 3 fJthA NAA and they 
observed 13-fold rate of plantlet production every 4 weeks. Sub-culturing of 
nodal segments fiarvested from in vitro derived axenic shoots on the 
multiplication medium enabled continuous production of shoots in Centella 
asiatica (Tiwari et al., 2000). Similarly repeated sub-culturing of shoot tips 
and single nodes of Cunila galiodes at 4-weeks intervals for eight months 
on the primary medium enabled mass multiplication of shoots without any 
evidence of decline (Fracaro and Echeverrigaray, 2001). In contrast Arya et 
al. (2003) demonstrated significant shoot improvement in Leptadenia 
reticulata through repeated transfer of mother explant to fresh medium. 
After three or four subcultures, the basal clump with shoot bases was 
divided into three or four sub-clumps and multiplied on fresh medium. 
They reported 15-20 shoots from each clump within 15 days. 
2.2. Callus culture and plant regeneration 
The induction of callus growth and subsequent differentiation and 
organogenesis is accompanied by the differential application of growth 
regulators and the control conditions in the culture medium. With stimulus 
of endogenous growth substances or by addition of exogenous growth 
regulators to the nutrient medium, cell division, cell growth and tissue 
differentiation are induced. Several reports are available on the 
regeneration of various medicinal plant via callus culture (Table 2; Li, 1981; 
DoSantos et al., 1983; Koblitz et al., 1983; Perez-Bermudez et al., 1984, 
1985; Jaiswal and Narayan, 1985; Satheesh and Bhavanandan, 1988; 
Teshima et al., 1988; Ghosh and Sen, 1989; Kumar and Datta, 1989; Tsay et 
al., 1989; Wakhlu and Barna, 1989; Cacho et al., 1991; Davidonis and 
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Knorr, 1991; Ravishankar and Grewal, 1991; Roy et al., 1991, 1992; 
Yoshimatsu and Shumomura, 1991; Gautam et al., 1993; Hossain et al.. 
1993; Missaleva et al., 1993; Sharma and Rajam, 1995; Lai and Ahuja, 
1996; Prakash and Chand, 1996; Das et a!., 1997; Saxena et al.. 1997; 
Pradel et al., 1997; Basu and Chand, 1998; Patra et a!., 1998; Shasany et al., 
1998; Shahzad et al., 1999; Shahzad and Siddiqui, 2000; Qu et al.. 2002; 
Faisal and Anis, 2003; Rani et al., 2003; Faisal and Anis, 2005; Faisal et al., 
2005a; Zhanhai and Zhijun, 2005). Tsay et al. (1989) reported the direct 
regeneration of shoot fronn primary explants of Pinellia ternate. where as 
Satheesh and Bhavanandan (1988) reported the regeneration of shoots 
from callus of Plumbago rosea using appropriate concentrations of auxins 
and cytokinins. Mantell and Hugo (1989) reported a high frequency of 
shoot, root, and microtubers production from Dioscorea alata depending 
on the culture medium used, the type of explant from which the callus 
originated, and the photoperiod. Ghosh and Sen (1989) established plant 
regeneration via callus from different explants of Asparagus cooperi by 
modifying the composition of growth medium and physiological 
environment. 
The relative importance of genotype explant and their interactions 
for in vitro plant regeneration via organogenesis in Solanum melongena 
was studied (Sharma and Rajam, 1995). Nayak and Sen (1995) reported 
high frequency shoot bud regeneration from pseudo bulb-scale explants of 
Ornitfiogalum umbellatum on MS basal salts supplemented wi th 2 gm/l 
NAA and 1 mg/l BA. They recorded 12-14 shoot-buds in 70 % oi the 
explants within 30 days of culture. Basu and Chand (1996) achieved shoot 
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bud differentiation from root derived callus of Hyoscyamus muticus in MS 
medium supplemented with 0,05 mg/l NAA and 0.5 mg/l BA. Saxena et al. 
(1997) reported plant regeneration via organogenesis from callus culture 
derived from mature leaves, stems, petioles and roots of young seedlings of 
Psoralea corylifolia. The callus differentiated into green nodular structure 
which developed into dark green shoot buds in the media supplemented 
with 25 mg/l BA and 1.0 mg/I NAA. The addition of 5.0 mg/l adenine 
sulphate in the culture medium resulted in quick growth of shoot buds 
within 4 weeks of culture. Rout and Das (1997a) described in vitro 
organogenesis of Zingiber officinale via callus culture. Shoot regeneration 
was maximal on media supplemented with 5.0 mg/l BA, 1.0 mg/l lAA and 
100 mg/l adenine sulphate. They also reported that shoot bud regeneration 
was highest under continuous illumination. Shasany et al. (1998) reported 
the influence of different growth regulators on high frequency plant 
regeneration from internode explants of Mentha arvensis. Further, Reddy 
et al. (2001) reported influence of different growth regulators on high 
frequency plant regeneration from leaf derived callus of Coleus forsl<tiolii. 
Rapid regeneration of Tylophora indica from leaf and stem derived callus 
was achieved on MS medium supplemented with 5.0 / iM kinetin (Faisal 
and Anis, 2003; Faisal and Anis, 2005). 
2.3, Root development 
In i//7ro induction of roots from growing shoots has been achieved in 
standard media containing auxin and in media in the absence of auxin 
depending on plant genotype (Rout et al., 1989). There is m.arked variation 
in the rooting potential of different plant species and systematic trials are 
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often needed to define the condition required for root induction. Moderate 
to iiigh concentration of all cytokinin infiibit rooting. Rooting in many 
woody and herbaceous plant species improved when the concentration of 
macro salts was lowered to half or less, and the concentration of sucrose 
was lowered from 2 or 3 % to 0.5 % (Webb and Street, 1977). Rooting in 
90 % of the cultured shoots of Saussurea lappa was achieved within 25-30 
days on media containing 0.5-1.0 fuM NAA (Arora and Bhojwani, 1989). 
The microshoots of various medicinal plants rooted on only MS medium 
without the growth regulators (Cristina et al., 1990; Mao et al., 1995; 
Saxena et al., 1998; Faisal and Anis. 2003). Addition of an auxin to the MS 
medium produced rooting (Jha and Jha, 1989; Hossain et al., 1993; Faria 
and lllg, 1995; Palai et al., 1997; Patra et al., 1998; Reddy et a!., 2001; 
Faisal and Anis, 2005). With increased in concentration of IBA root 
formation was inhibited (Hossain et al., 1993). Faria and lllg (1995) 
obtained 100 % rooting in the excised shoots of Zingiber spectabile in 
liquid or Gelrite-gelled medium containing 5.0 \iVA \kk or NAA. Faisal and 
Anis (2003) reported induction of rooting in microshoots of Tylophora 
indica on half-sirength MS medium supplemented with 0.5 / J M IBA. 
Prolific rooting of in vitro grown microshoots is critical for the 
successful establishment of these shoots in the greenhouse and field. For a 
long time, rooting was considered as a single phase process, but numerous 
studies led to the division of the process of adventitious root formation into 
several successive interdependent phases (Gasper et al., 1994). Jarvis (1986) 
and Moncousin (1987) identified three phases referred to as induction, 
initiation, and expression. Several studies with other species {Asparagus, 
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Plumbago zerylanica, Populus) have reported that peroxidase plays a 
fundamental role in root initiation and expression (VanHoof and Gasper, 
1976; Kargi and Rosenberg, 1987; Hausman, 1993). During rooting, the 
diamine oxidase-mediated catabolism of putrescine was related to the 
changes in the levels or activities of lAA and peroxidases (Caspar et al., 
1996). Putrescine catabolism provides H2O2 which may serve peroxidase-
mediated lAA catabolism. All peroxidases, but some of them wi th a greater 
efficiency, can catalyze auxin catabolism. But it can alternatively be 
hypothesized that changes in lAA levels have modulated peroxidase 
activity. lAA is know to control the activity of peroxidase involved in 
lignifications (Ros Borcelo and Munoz, 1992), a process inevitably involved 
in root format ion, through the differentiation of xylem cells. 
2.4. Synthetic seeds 
Originating in 1977 from proposal by Murashige and Skoog (1977. 
1978), the concept of 'synthetic seed' or 'artificial seed' has evolved from a 
futuristic idea into a real field of experimentation research. Gray (1987a, 
1987b) has traced the first synthesis of the early work on the subject. Since 
then, synseed technology has evolved because of increasing research 
interests in recent years. The most common target for the 'synseed' 
technology remains the somatic embryos. Bapat et al. (1987) proposed the 
making of synseeds through the encapsulation of in vitro derived 
propagules different f rom somatic embryos, especially in non embrycgenic 
species; in Morus indica, for instance they proposed the use of encapsulated 
axillary buds. In recent years encapsulation of in vitro derived vegetative 
propagules to develop synthetic seeds has employed as a suitable 
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alternative to the use of somatic embryos (Sarkar and Naik, 1997; Standard! 
and Piccioni, 1998; Adriani et al., 2000; Pattnaik and Chand, 2000 ; Brischia 
et al., 2002; Danso and Ford-Llyod, 2003; Chand and Singh, 2004; Faisal 
et al., 2006a). Encapsulation of vegetative propagules could be used for 
clonal mass propagation at reasonable cost. In addit ion, these propagules 
may be use for germplasm conservation of elite plant species and exchange 
of plant materials between laboratories (Maruyama et al., 1997). 
Furthermore, they can be used for cryopreservation via encapsulation, 
dehydration and encapsulation vitrification (Pennycooke and Tow i l , 2001; 
Wang e ta l . , 2002). 
According to species, storage needs, and use of the synseeds, 
the bead always contains an artificial endosperm, which may be nutritive 
elements, such as mineral components (macro and micro elements), 
organics (vitamins, amino acids), growth regulators, but particularly 
carbohydrates (sucrose). The nutritive composition of the proliferating 
medium and the exigencies demonstrated by the species during 
micropropagation can be a good reference in concocting the nutritive 
composition of artificial endosperm (Bapat and Rao, 1990; Ganapathi et 
al., 1994; Matsumoto et al., 1995; Chen et al., 1996; Piccioni et al., 1996). 
The encapsulated beads demionstrated high adventitious root ing capacity 
after sowing (Ganapathi et al., 1992; 1994; Bapat, 1993), however in some 
cases they did not perform well (Hasan and Takagi, 1995; Piccioni and 
Standard!, 1995a; Maruyama et al., 1997). Chand and Singh (2004) treated 
nodal segment of Dalbergia iissoo w i th IBA for 10 days, prior to 
encapsulation to al low formation of root primordia. 
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with IBA for 10 days, prior to encapsulation to allow formation of root 
primordia. 
2.5. Hardening and acclimatization 
The most important and critical step in micropropagation of plants is 
the period of transition during the process of hardening from in vitro \o ex 
vitro environment. Plantlets developed within culture vessels under low 
levels of light, aseptic conditions, on a medium containing ample sugar and 
nutrients to allow for heterotrophic growth, and in atmosphere with high 
relative humidity. These conditions results in the formation of plantlets of 
abnormal morphology, anatomy and physiology (Kozai, 1991; Pospisilova 
et al., 1992; Buddendorf-Joosten and Wooltering, 1994; Desjardins, 1995; 
Kozai and Smith, 1995). In the course of hardening, the tissue culture plants 
gradually overcome these inadequacies and adapt to ex w7ro condition. In 
the greenhouse, especially in the field, irradiance is much higher and air 
humidity much lower than in the vessels. Even if the water potentials of the 
substrates is higher than the water potential of media with saccharose, the 
plantlets may quickly wilt as water loss of the leaves is not restricted. In 
addition, water supply can be limiting because of low hydraulic 
conductivity of roots and root-stem connections (Fila et al., 1998). Many 
plantlets die during this period. Therefore, after ex vitro transplantation, 
plantlets needs some weeks of acclimatization with gradual lowering in air 
humidity (Preece and Shutter, 1991; Bolar et al., 1998). The acclimatization 
period during transition from culture to greenhouse may be from 15 days to 
1 month, depending on the nature and hardness of plant species (Ziv et al., 
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1987; Peirik, 1987; Donnelly and Tisdall, 1993; Nowak and Shulaev, 2003; 
Hazarika, 2003). 
Successful acclimatization of in vitro raised piantlets is rather an 
intractable proposition eluding success in the true sense of the term. 
Satheesh and Bhavanandan (1988) reported that when micropropagated 
plants of Plumbago rosea v^ere transferred to pots containing 1 : 1 soil and 
sand mixture under greenhouse conditions, about 60 % of the plants 
survived. Jha and Jha (1989) noted the highest survival of Cephaelis 
impecacuantia plants when maintained for 4 week period in liquid MS 
medium followed by transfer to greenhouse conditions. Hossain et al. 
(1993) indicated that the rooted piantlets of Aegle marmelos were 
hardened for 1-2 weeks and subsequent transferred to pots containing 2 : 1 
garden soil : compost. Mao et al. (1995) reported that rooted piantlets of 
Clerodendrum colebrookianum required a minimum of 2 weeks in mist 
tunnel, after which they could be transferred successfully into greenhouse 
conditions. Approximately 60 % of the rooted plants of Centella asiatica 
survived in pots containing a 1 : 1 mixture of soil, sand and well rotted cow 
dung (Patra et al., 1998). Rout et al. (1999) reported that about 95 % of 
micropropagated piantlets of Plumbago zerylanica were established in the 
greenhouse within 2-3 weeks of transfer under 85 % relative humidity. 
Faisal and Anis (2003) reported that prior to transfer to soil the rooted 
piantlets of Tylophora indica were planted in sterile vermiculite and 
watered every 3 say with half-strength MS salt solution for 2 weeks. 
Thereafter, the piantlets were successfully established in garden soil under 
greenhouse conditions with 100 % survival. 
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2.5.1. Physiological parameters 
In many plant species, the leaves formed in vitro are unable to 
develop further under ex vitro conditions and are replaced by newly 
formed leaves (Preece and Shutter, 1991; Diettrich et al., 1992). However, if 
the ex vitro transplantation of plantlets is successful, the increase in their 
growth can be enormous; e.g., total dry mass of Nicotiana tabacum plants 
was several times higher than that of plantlets grown in vitro, the 
transplanted plants were taller, had higher dry mass of leaves, stems and 
roots, and larger leaf area and leaf thickness (Kadlecek et al., 1998). After 
transplantation of tissue culture plants to ex vitro conditions the contents of 
photosynthetic pigments increased (Trillas et al., 1995; Rival et al., 1997; 
Synkova 1997; Pospisilova et al., 1998). The same phenomenon was 
evident in originally photoautotrophically grown Nicotiana plants but in 
originally photomixotrophically grown plants an abrupt decrease in 
chlorophyll a and chlorophyll b contents during the first weeks after 
transplantation followed by slow increase was found (Kadlecek et al.. 
1998). Similarly, Huylenbroeck et al. (2000) reported that the contents of 
chlorophyll and carotenoids three times higher in ex vitro formed leaves in 
compare to in vitro formed ones and they observed an inverse relation 
between PPFD and the chlorophyll/carotenoids ratio at the end of 
acclimatization. 
In Solanum tuberosum and Spathipliyllum floribundum net 
photosynthetic rate decreased in the first week after transplantation and 
increased thereafter (Baroja et al., 1995, Huylenbroeck and Debergh, 1996; 
Huylenbroeck et al., 2000). The leaves of Calatliea louisaev^ere not able to 
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photosynthesize during the first few days after transplantation, however the 
in vitro leaves of Spathiptiyllum floribundum more competent. In both the 
plants, substantial photosynthetic activities were measured when new 
leaves were fully developed (Huylenbroeck et al., 1998). 
2.5.2. Biochemical parameters 
Acclimatization of tissue culture plants to the new external 
environment, during which normal photosynthetic activity and water 
relations have to be developed can generate stress (Santamaria et al., 1993; 
Huylenbroeck and Debergh, 1996; Huylenbroeck et al., 2000). It has been 
shown that water stress and photoinhibition are able to produce activated 
oxygen species (AOS) (O2", H2O2 and OH ' ) in plant cells (Zahng and 
Kirkham, 1994; Mitter and Zilinskas, 1994; Mishra et al., 1995). To scavenge 
these AOS different mechanism both enzymatic and non-enzymatic are 
present in plants (Inze and Van Montagu, 1995); among the enzymatic, 
catalase and superoxide dismutase (SOD) are efficient antioxidant enzymes 
(Scandalios, 1993). Changes in catalase and superoxide dismutase activity 
have been reported in response to adverse environmental conditions 
(Hertwig et al., 1992; Fangmeier et al., 1994; Sgherri and Navari-lzzo, 
1995), and different SOD expression levels are also related to 
environmental stress and plant development (Malan et al., 1990). 
Huylenbroeck et al. (2000) made an in-depth study of the effect of 
increased light intensities on the photosynthesis, the functioning of 
photosynthetic apparatus and the response of the antioxidant enzymes 
system. A decrease in SOD activity was measured during the half of the 
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acclimatization, while the cataiase activity increased significantly during the 
first two week after transfer to ex vitro conditions. Similarly, Ali et al. 
(2005) investigated the effects of light stress in the activities of antioxidant 
enzymes during acclimatization on micropropagated Phalaenopsis plantlet. 
They found that the activity of SOD increased in the leaves with increasing 
light intensity but light stress had no significant effects in roots. However, 
the catalse activity increased in both leaves and roots with increasing light 
intensity. 
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Chapter 3 
MATERIALS AND METHODS 
3.1. Plant material and explant source 
Explants namely leaves, petioles and nodal segments were collected 
from plants of Tylophora indica and Rauvolfia tetraphylla maintained ex 
situ and growing at the Botany Department, Aiigarh Muslim University, 
Aligarh. 
3.2. Surface sterilization of explants 
Tine explants i.e. first and second leaves from apical buds, petioles 
and nodal segments were collected in a beaker containing water and 
washed thoroughly under running tap water for at least 30 min. fol lowed 
by soaking in 5 % (v/v) labolene (Qualigens, Mumbai , India). After 
thorough washing in sterilized distilled water, the explants were surface-
sterilized w i th freshly prepared 0.1 % (w/v) HgCb for 3 min. Following 
repeated washing w i th sterile distilled water, the explants were inoculated 
onto culture medium. 
3.3. Culture media 
Growth and morphogenesis of plant tissue in vitro are largely 
governed by the composition of culture media. In the present study, the 
basal medium proposed by Murashige and Skoog (1962) was used 
throughout for in vitro studies in both the plant species. The different 
constituents of MS medium along wi th their concentration used are listed in 
table 5. 
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Table 5. Nutritional components of MS basal medium 
Components 
Macronutrients 
MgS04. 7H2O 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Micron utrients 
H3BO3 
MnS04.7H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
FeS04.7H20 
NasEDTA 
Organic supplements 
Vitamins 
Tiiiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
Sucrose (g) 
Amount (mg/l) 
370 
170 
1900 
1650 
440 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2 
30 
. J 
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3.3.1. Preparation of stock solution 
The constituents of MS medium given in table 1 were prepared in 
four stocl<s (Table 6), consisting of I major salts (20X concentrated), II 
minor salts (200X concentrated). I I I FeS04.7H20 and Na-EDTA (lOOX 
concentrated) and IV organic nutrients except sucrose (lOOX concentrated) 
by dissolving the required amount in measured volume of double distilled 
v^ater. The reasons for preparing different stock solutions are that certain 
kinds of chemicals, when mixed together wi l l precipitate and not remain in 
solution. The stock solutions were stored in a refrigerator at 4 °C and 
regularly checked for visible contamination. To prepare one liter of 
medium 50 ml of stock solution I, 5 ml of stock solution I I and 10 ml each 
of stock solution I I I and IV were taken. 
For each plant growth regulator, separate stock solutions were 
prepared by dissolving it in a small quantity of appropriate solvent (IN 
NaOH or absolute alcohol) and then adjusted w i th DDW to the desired 
volume to make an over all concentration of 1 m M . The different 
concentration of growth regulators used in the present study was prepared 
f rom stock solutions by using the formula; 
S,V, = S2V2 
Where, 
Si = Strength of stock solution 
Vi = Volume of the stock solution required 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
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Table 6. Stock solutions for MS medium 
Constituents 
Stock solution I 
MgS04. 7H2O 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Stock solution 11 
H3BO3 
MnS04.7H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Kl 
Stock solution III 
FeS04.7H20 
NasEDTA 
Stock solution IV 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Glycine 
Amount (mg/l) 
7400 
3400 
38000 
33000 
8800 
1240 
4460 
1720 
50 
5 
5 
166 
2780 
3730 
50 
50 
50 
10000 
200 
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3.3.2. Growth regulators and carbon source 
Depending upon the experiments, MS medium was variously 
supplemented with growth regulators such as 6-benzyladenine (BA), 6-
furfurylaminopurine (Kin), thidiazuron (TDZ), indole-3-acetic acid (lAA), 
indole-3-butyric acid (IBA), a-naphthalene acetic acid (NAA), 2,4-
dichlorophenoxy acetic acid (2,4-D) and 2,4,5-trichlorophenoxy acetic acid 
(2,4,5-T) in concentrations and combinations as indicated in the results. 3 
% (w/v) sucrose was used in all the experiments as a sole carbon source. 
3.3.3. Adjustment of pH, gelling of medium and sterilization 
The pH of the medium was adjusted 5.8 by IN NaOH or IN HCI 
using pH meter (L613, Elico Pvt. Ltd., India). The medium was solidified 
with 0.8 % (w/v) agar or 0.25 % (w/v) phytagel and heating it in 
microwave oven until a clear gel is formed. All the glasswares used were of 
Borosil make and 20 ml nutrient media was dispensed each in 25 x 125 mm 
capacity of culture tubes and 50 ml in 100 ml capacity wide mouth 
Erienmeyer flask. The medium was sterilized in an autoclave at 1.06 Kg cm-^  
(121 °C) for 20 min. and the medium in culture tubes were allowed to set as 
slants. 
3.4. Sterilization of glasswares and Instruments 
All the glass wares, instruments (wrapped in aluminum foil) and 
distilled water etc. were sterilized by autoclaving at 1.06 Kg cm-2 for 20 
min. The forceps, scalpel etc. made up of stainless steel were sterilized by 
dipping them in rectified spirit followed by flaming and cooling before each 
inoculation. 
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3.5. Sterilization of laminar airflow hood 
Laminar airflow hood was sterilized by switching on ultra violet (UV) 
light for 30 min. and wiping the working surface with 70 % ethanol before 
any operation under hood. 
3.6. Inoculation and incubation 
Inoculations were performed under aseptic conditions of laminar 
airflow hood by using sterilized culture media, instruments and distilled 
water. The instruments were time-to-time re-sterilized during inoculation by 
dipping them in rectified spirit followed by their flaming and cooling. 
All the cultures were maintained at 24 ± 2 °C jn a culture room 
under a 16-h photoperiod with a photosynthetic photon flux density of 50 
)Umol m-2s' provided by cool white fluorescent lamps (Philips, India). 
3.7. Rooting 
Rooting was attempted in vitro and ex vitro. In vitro root induction 
was carried out on full and half strength MS medium without or with 
different concentrations of lAA or IBA. 
For ex vitro rooting, the basal ends of the healthy shoots were 
dipped in IBA (10, 50, 100, 150 and 200 ^M) for 30 min and then planted 
in small plastic pots containing sterile vermiculite and covered with 
transparent polythene membranes. Data on percentage of rooting and 
mean number of roots per shoot were recorded 4 weeks after 
transplantation. 
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3.8. Synthetic seeds production 
3.8.1. Plant materials and explant source 
Nodal segments approximately 3 mm long dissected aseptically from 
in vitro established cultures of T. indica and R. tetrapliylla were used as 
explants for encapsulation. 
3.8.2. Encapsulation matrix 
Different concentrations [2, 3, 4 and 5 % (w/v)] of sodium alginate 
were prepared using liquid MS medium. For complexation 25, 50, 75, 100 
and 200 mM CaCb solution was prepared. Both, the gel matrix and 
complexing agent were autoclaved at 1.06 Kg cm^ for 20 min after 
adjusting the pH to 5.8. 
3.8.3. Encapsulation, planting media and culture conditions 
Encapsulation was accomplished by mixing the nodal segments from 
in vitro regenerated shoots of T. indica and R. tetraptiylla into the sodium 
alginate solution and dropping them into the calcium chloride solution. The 
droplets containing the explants were held for at least 30 min. to achieve 
polymerization of the sodium alginate. The alginate beads were then 
collected, rinsed with sterile DDW and transferred to sterile filter paper in 
petridishes for 5 min under the laminar airflow hood to eliminate the 
excess of water and thereafter planted into petridishes containing nutrients 
medium. 
The medium was gelled with 0.8 (w/v) agar and the pH was 
adjusted to 5.8 before being autoclaved at 121 °C for 20 min. All the 
cultures were maintained at 24 ± 2 °C under i6-h photoperiod with a 
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photosynthetic photon flux density of 50 /jmol m s^-^  provided by cool 
wiiite fluorescent lamps. 
3.8.4. Low temperature storage 
Encapsulated and non-encapsulated nodal segments were transferred 
in petri-dishes containing water and agar medium and stored in a 
laboratory refrigerator at 4 °C. Five different low temperature exposure 
times (1, 2, 4, 6 and 8 weeks) were evaluated for regeneration. After each 
storage period, encapsulated and non-encapsulated nodal segments were 
cultured on MS medium with or without growth regulators for conversion 
into plantlets. The percentage of encapsulated nodal segments forming 
shoot and root were recorded after 6 weeks of culture to regeneration 
medium. 
3.9. Hardening and Acclimatization 
Plantlets with well developed shoots and roots were removed from 
the culture medium, washed gently under running tap water and 
transferred to plastic pots containing sterile garden soil, soilrite or 
vermiculite (Keltech Energies Ltd., Bangalore) under diffuse light (16/8h 
photoperiod) conditions. Potted plantlets were covered with a transparent 
polythene membrane to ensure high humidity and watered every 3 days 
with half strength MS salt solution for 2 weeks. The membranes were 
opened after 2 weeks in order to acclimatize plants to field conditions. 
After 4 weeks, acclimatized plants were transferred to pots containing 
normal soil and maintained in a greenhouse under normal day length 
conditions. 
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3.10. Physiological and biochemical studies during acclimatization 
A set of in vitro regenerated plantlets with well developed shoot and 
roots were transplanted in sterile vermiculite and placed in culture room at 
25 ± 20C and 16/8 h photoperiod at 70-80 % RH for 30 days under 
controlled conditions at 50 (low light) and 300 (high light) )L/mol nr^s' 
PPFD respectively. Light was provided by Philips (India) lamp. Leaf samples 
were taken at transplantation day (day 0, control) and after 07, 14, 21, 28 
days and stored in liquid nitrogen for biochemical analysis. 
3.10.1. Leaf gas exchange measurements 
The net photosynthetic rate (PN) of in vitro regenerated plants were 
measured during different stages (0, 07, 14, 21 and 28) of acclimatization 
on fully expanded leaves using portable Infra Red Gas Analyzer (IRGA, 
LICOR 6400, Lincoln, USA) on the basis of net exchange of CO2 between 
leaf and atmosphere by enclosing the leaf in the leaf chamber, and 
monitoring the rate at which the CO2 concentration changed over a short 
time intervals (10 - 20 sec). The net photosynthetic rate was expressed as 
/jmol CO2 rvc^s\ 
3.10.2, Chlorophyll and carotenolds estimation 
The chlorophyll (chlorophyll a and b) and carotenoids content from 
leaf tissue was estimated by using the method of Mac Kinney (1941) and 
MaChlachlan and Zalick (1963) respectively. About 100 mg fresh tissues 
from interveinal areas of leaves were grind in 5 ml acetone (80 %) with the 
help of mortar and pestle. The suspension was filtered with Whatman filter 
paper number-1, if necessary the supernatant was regrinded, washed and 
filtered, the total filtrate was taken in graduated test tubes and final volume 
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was made upto 10 ml with 80 % acetone. The optical densities (O.D.) of 
chlorophyll solution was read at 645 nm and 663 nm wave lengths and for 
carotenoids, the O.D. was read at 480 and 510 nm wavelengths with the 
help of spectrophotometer (UV-Pharma Spec 1600, Shimadzu, Japan). The 
chlorophyll and carotenoids content were calculated according to the 
formula given below; 
Chlorophyll a (mg g ' fresh tissue) 
12.7 (O.D. 663) - 2.69 (O.D. 645) 
X V 
d X1000 X W 
Chlorophyll b (mg g ' fresh tissue) 
22.9 (O.D. 645) - 4.68 (O.D. 663) 
X V 
d X 1000 X W 
Carotenoid (mg g'^  fresh tissue) 
7.6 (O.D. 480) - 1.49 (O.D. 510) 
X V 
d X1000 X W 
Where, 
O.D. = Optical density at the given wavelength 
V = Final volume of chlorophyll extract in 80 % acetone 
W = Fresh weight of leaf tissue 
d = Length of light path 
3.10.3. Superoxide dismutase (SOD) 
Superoxide dismutase (Superoxide : superoxide oxidoreductase, EC 
1.15.1.1) activity was measured as given by Dhindsa et al., 1981 with slight 
modifications. 
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3.10.3.1. Procedure 
200 mg of fresh leaf samples were homogenized in 2.0 ml of 
extraction buffer containing 1 % polyvinylpyrrol idone (PVP), 1 % Triton X-
100 and 0.11 g of EDTA using pre chilled mortar and pestle. The process of 
homogenization was carried out in an ice box at 4 °C. The homogenate 
was transferred to centrifuge tubes and centrifuged at 12000 rpm for 15 min 
at 4 oC. 
3.10.3.2. Enzyme assay 
Superoxide dismutase (SOD) activity in the supernatant was assayed 
by its ability to inhibit the photochemical reduction of nitroblue 
tetrazolium. The assay mixture, consisting of 1.5 ml reaction buffer, 0.2 ml 
of methionine, 0.1 ml enzyme extract w i th equal amount of I M Na2C03, 
2.25 m M NBT solution, 3 m M EDTA, riboflavin and 1.0 ml of DDW, was 
taken in test tubes which were incubated under the light of 15W fluorescent 
lamp for 10 min at 25/28°C. Blank A containing all the above substances of 
the reaction mixture, along w i th the enzyme extract, was placed under dark 
conditions. Blank B containing all the above substances of reaction mixture 
except enzyme extract was placed in light along wi th the sample. The 
reaction was terminated by switching off the light, and the tubes were 
covered w i th a black cloth. The non-irradiated reaction mixture containing 
enzyme extract did not develop light blue colour. Absorbance of samples 
along w i th blank B was read at 560 nm against the blank A. The difference 
of percent reduction in the color between blank B and the sample was then 
calculated. The enzyme activity was expressed in Enzyme Units (EU) m g ' 
protein. 
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3.10.3.3. Preparation of Reagents 
/ M Sodium bicarbonate solution 
15.9 g of sodium bicarbonate was dissolved in distilled water and the 
volume was made up to 100 ml. 
200 mM Methionine solution 
2.98 g of methionine was dissolved in DDW and the volume was 
made up to 100 ml. 
2.25 mM Nitroblue tetrazolium (NBT) solution 
0.184 g of NBT was dissolved in 100 ml of DDW. 
3mMEDTA 
It was prepared by dissolving 1.116 mg EDTA in 100 ml DDW. 
60 ^ Riboflavin 
It was prepared by dissolving 2.3 mg of the chemical in 100 ml of 
DDW. 
Extraction buffer 
0.5 M Potassium phosphate buffer (pH 7.3) 
It was prepared from 0.5 M phosphate buffer (pH 7.3). The solution 
of monobasic potassium phosphate (KH2PO4) and dibasic potassium 
phosphate (K2H PO4) were first prepared in the following manner: 
Solution A: 3.40 g of KH2PO4 was dissolved in DDW and the volume was 
made up to 50 ml. 
Solution B: 8.70 g of K2HPO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
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To prepare the extraction buffer, solution A and B were mixed in an 
appropriate ratio and pH was adjusted to 7.3 with the help of a pH meter. 
To 100 ml of this buffer, Ig of polyvinylpyrrolidone (PVP), 1 ml of Triton 
X-100, and 0.11 g of EDTA were added. 
Reaction buffer 
0.1 M Potassium phosphate buffer (pH 7.8) 
0.1 M phosphate buffer (pH 7.8) was used as extraction buffer. The 
solutions of potassium dihydrogen phosphate (KH2PO4) and dipotassium 
hydrogen phosphate (K2H PO4) were prepared in the following manner: 
Solution A: 1.3 g of KH2 PO4 was dissolved in DDW and the volume was 
made up to 50 ml. 
Solution B: 1.70 g of K?HP04 was dissolved in DDW and the volume was 
made up to 100 ml. 
Solution A and B were mixed in an appropriate ratio to adjust the 
pH at 7.8 with the help of a pH meter. To 100 ml of this buffer 1.0 g of 
PVP was added. 
3.10.4. Cataiase (CAT) 
Catalase (H2O2 : H2O2 oxidoreductase; EC 1.11.1.6) activity in the 
leaves was determined by the method of Aebi (1984) with slight some 
modification. 
3.10.4.1. Procedure 
500 mg of fresh tissue from the interveinal areas of leaves was 
homogenized in 5 ml of extraction buffer containing 1 % polyvinyl 
pyrolidone (PVP), 1 % Triton X-100 and 0.11 g EDTA using pre chilled 
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mortar and pestle. The process of homogenization was carried out in an ice 
box at 4 °C. The supernatant was used immediately for the enzyme assay. 
3.10.4.2. Enzyme assay 
Catalase activity was determined by monitoring the disappearance of 
H2O2 by measuring a decrease in absorbance at 240 nm. Reaction was 
carried in a final volume of 2 ml ot reaction mixture containing reaction 
buffer with 0.1 ml 3 mM EDTA, 0.1 ml of enzyme extract and 0.1 ml of 3 
mM H2O2. The reaction was allowed to run for 5 min. Activity was 
calculated by using Extinction Coefficient (e) 0.036 mM -' cm' and 
expressed in Enzyme Units (EU) mg' protein. One unit of enzyme 
determines the amount necessary to decompose 1 jimol of H2O2 per min. at 
250c. 
3.10.4.3. Preparation of reagents 
Extraction buffer 
0.5 M Potassium phosptiate buffer (pH 7.3) 
Solution A: 3.40 g of KH2PO4 was dissolved in DDW and the volume was 
made up to 50 ml. 
Solution B: 8.70 g of K2HPO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
Solution A and B were mixed in an appropriate ratio and pH was 
adjusted to 7.3 with the help of a pH meter. To 100 ml of this buffer, 1.0 g 
PVP, 1.0 ml Triton X-100 and 0.11 g of EDTA were added. 
53 
Reaction buffer 
0.5M/0.25Mphosphate buffer (pH 7.2/7.0) 
Solution A: 3.40/1.70 g of KH2PO4 was dissolved in DDW and tlie volume 
was made up to 50 ml. 
Solution B: 8.70/4.35 g of KH2PO4 was dissolved in DDW and the volume 
was made up to 100 ml. 
Solution A and B were mixed in an appropriate ratio and pH was 
adjusted to 7.2/7.0 with the help of a pH meter. 
3mMH202 
0.1 ml of HjOzwas mixed with 9.9 ml of DDW. 
3 mM EDTA 
111.96 mg was dissolved in DDW and the volume was up to 100 ml. 
3.10.5. Glutathione reductase (GR) 
Gluthione reductase (NADPH : gluthione-disulphide oxidoreductase, 
EC 1.6.4.2) activity was determined by the method of Foyer and Halliwell 
(1976) as modified by Rao (1992). 
3.10.5.1. Procedure 
500 mg of fresh leaf tissue from interveinal areas of leaves was 
homogenized in 2 ml of extraction buffer containing 1 % polyvinyl 
pyrolidone (PVP), 1 % Triton X-100 and 0.11 g of EDTA in a pre-chilled 
mortar and pestle. The process of homogenization was carried out in an ice 
box at 4 oC. The homogenate was centrifuged at 12000 rpm for 15 min. at 
4 °C. The supernatant was collected and used for the enzyme assay. 
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3.10.5.2. Enzyme assay j ( ' c'c NO. 
GR activity was determined by monitoriiW" Vhe^ glutathjoht^ 
dependent oxidation of NADPH at its absorption mayfrwa-^ ^gr the 
wavelength 340 nm. 1.0 ml reaction mixture contained 0.2 mM NADPH. 
0.5 mM esse and enzyme extract. The reaction was allowed to run for 5 
min at 25°C. Corrections were made for any GSSG oxidation in the absence 
of NADPH. The activity was calculated by using its Extinction Coefficient (e) 
6.2 mM-^ cm -' and expressed in Enzyme Units (EU) mg' protein. One unit 
of enzyme determines the amount necessary to decompose 1 \imo\ of 
NADPH per min at 25 °C. 
3.10.5.3. Preparation of reagents 
Extraction buffer 
100 mM Potassium phosphate buffer (pH 7.0) 
Solution A: 1.36 g KH2PO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
Solution B: 1.74 g of K2HPO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
To prepare the extraction buffer, the two solutions A and B were 
mixed together in an appropriate amount and pH was adjusted to 7.0 with 
the help of a pH meter. To 100ml of this buffer, 1.0 g of PVP, 1.0 ml Triton 
X-100, and 0.11 g of EDTA were added. 
Reaction buffer 
0.25M/0.1M Tris-buffer 
0.2 mM NADPH 
2 mg of NADPH was dissolved in 10 ml of DDW. 
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0.5 mM oxidized glutathione (GSSG) 
4 mg of GSSG was dissolved in 13 ml of DDW. 
3.10.6. Ascorbate peroxidase (APX) 
Ascorbate peroxidase (L-ascorbate : H2O2 oxidoreductase; EC 
1.11.1.11) activity was determined by the method of Nakano and Asada 
(1981). 
3.10.6.1. Procedure 
100 mg of fresh leaf tissue from the interveinal areas of leaves was 
ground in 4 ml of extraction buffer containing 1 % polyvinylpyrrolidone, 1 
% Triton X-100 and O.llg of EDTA. 
3.10.6.2. Enzyme assay 
Ascorbate peroxidase (APX) activity was determined by the decrease 
in absorbance of ascorbate at 290 nm, due to its enzymatic breakdown. 1.0 
ml of the reaction buffer contained 0.5 mM ascorbate, 0.1 mM H2O2, 0.1 
mM EDTA and enzyme extract. The reaction was allowed to run for 5 min 
at 25 °C. APX activity was calculated by using its Extinction Coefficient (s) 
2.8 mM-' cm-' and expressed in Enzyme Units (EU) mg' protein. One unit 
of enzyme determines the amount necessary to decompose 1 \xxx\o\ of 
substrate consumed per min. at 25 °C. 
3.10.6.3. Preparation of Reagents 
Extraction buffer 
100 mM Potassium phospliate buffer (pH 7.8) 
Solution A: 1.36 g KH2PO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
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Solution B: 1.74 g of K2HPO4 was dissolved in DDW and the volume was 
made up to 100 ml. 
To prepare the extraction buffer, the two components A and B were 
mixed together and pH was adjusted to 7.0 with the help of a pH meter. 
To 100 ml of this buffer, 1.0 g PVP, 1.0 ml Triton X 100, and 0.11 g of EDTA 
was added. 
Reaction buffer 
50 mM PO4 Sodium phosphate buffer (pH 7.2) 
Solution A: 1.142 g of NaH2P04 was dissolved in DDW and the volume 
was made up to 100 ml. 
Solution B: Qi.lQl g of Na2HP04was dissolved in DDW and the volume 
was made up to 100 ml. 50 mM P04-buffer (pH 7.2) was prepared from 
these two, A and B solutions by mixing them in an appropriate ratio and 
pH was adjusted to 7.2 with the help of a pH meter. 
0.5 mM Ascorbate 
44 mg of L-ascorbate was dissolved in DDW and the volume was 
made up to 100 ml. 
0.3% (v/v) H2O2 
1 ml of 30 % H2O2 was mixed with 99 ml of DDW. 
3.10,7. Soluble protein 
The total soluble protein content of the leaves of regenerants was 
estimated following the method of Bradford (1976) using bovine serum 
albumin (BSA, Sigma, USA) as standard. 
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3.10.7.1. Procedure 
Extraction of total soluble protein 
500 mg of fresh leaf material was homogenized in 5 ml of 0.1 M 
phosphate buffer (extraction buffer) at 4 °C with the help of a pre-chilled 
mortar and pestle, and kept in an ice box during the process of 
homogenization. The homogenate was transferred to a 30 ml centrifuge 
tube and centrifuged at 5000 rpm for 10 min at 4 °C. An equal amount of 
chilled 10% TCA was added to 1 ml of the supernatant, which was again 
centrifuged at 3300 rpm for 10 min. The supernatant was discarded and the 
pellets were washed with acetone. It was then dissolved in 1ml of 0.1 N 
NaOH. 
Estimation of total soluble protein 
To 0.1 ml of aliquot, 0.5 ml of Bradford's reagent was added and 
mixed using vortex mixer. The tubes were kept for 10 min for optimal color 
development. The absorbance was then recorded at 595 nm on a UV-
visible spectrophotometer. The soluble protein concentrations were 
quantified with the help of a standard curve prepared from the standard of 
Bovine Albumin Serum (BSA) from Sigma, USA. The protein content was 
expressed in mg g ' fresh weight. 
3.10.7.2. Preparation of Reagents 
Extraction buffer 
0.1 M phosphate buffer (pH 7.2) was used as extraction buffer. The 
solution of potassium dihydrogen phosphate CKH2PO4) and dipotassium 
hydrogen phosphate (K2H PO4) was prepared in the following manner: 
58 
Solution A: 1.3 g of KH2 PO4 was dissolved in DDW and the volume was 
made to 50 ml. 
Solution B: 1.70 g of K2HPO4 was dissolved in DDW and the volume was 
made to 100 ml. 
Solution A and B were mixed in an appropriate ratio to adjust the 
pH at 7.2 with the help of a pH meter. 1.0 g PVP was added to 100 ml of 
this buffer. 
10% (w/v) TCA 
10 g of TCA was dissolved in DDW to a final volume of 100 ml. 
O.INNaOH 
0.4 g of NaOH pellets was dissolved in double distilled water to 
make a final volume of 100 ml. 
Bradford's reagent 
50 ml 90% ethanol was mixed to 100 ml of orthophosphoric acid 
(85%). Its volume was made up to 1 L and 100 mg of Coomassie Brillian 
Blue (G) dye was added to it which was stirred well on a magnetic stirrer in 
dark covered volumetric flask. The solution was then filtered through 
Whatman filter paper number-1 and stored in dark conditions. Resultant 
reagent was called Bradford's reagent. The final concentrations of 
components in the reagent were 0.01% Coomassie brilliant blue G-250 
(w/v), 4.75% ethanol (w/v) and 8.5% O-phosphoric acid (w/v). 
3.11. Anatomical studies 
3.11.1. Fixation and storage 
The differentiating explants were fixed in FAA solution consisting of 
Formalin : Glacial Acetic Acid : Alcohol {JQi %) in the ratio of 4 : 6 : 90 
(v/v). The fixed samples were stored in 70 % alcohol. 
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3.11,2. Embedding, sectioning and staining 
Standard method of paraffin embedding (Johansen, 1940) was 
followed for histological studies. Ethanol-xylol series was used for 
dehydration and infiltration. For complete infiltration of plant materials to 
be section were kept in a vacuum oven at 60 °C for 15 min. Sections 
(longitudinal and transverse) of 10 jum thickness were cut using a Spencer 
820 microtome (American Optical Corp. Buffalo, New York) and resulting 
paraffin ribbons were passed through a series of deparafinizing solution and 
stain in safranin and fast green solutions. 
Permanent slides were made by using Canada balsam. The sections 
were examined under a light microscope (Olympus CH20i, Japan). 
3.12. Chemicals used 
Most of the chemicals like BSA, EDTA, GR, GSH, GSSG. PVP, Triton 
X-100, NBT, H2O2, methionine, TCA Plant growth regulators (BA, Kin, 
TDZ, lAA, IBA, NAA), NADPH, Riboflavin etc. were obtained from Sigma-
Aldrich Pvt. Ltd., New Delhi, India and/or from Sigma-Aldrich (St. Louis 
Mo, USA). Other major and minor salts, buffer components were procured 
from Qualigens, MERCK and/or SRL. All chemicals were obtained in highest 
purity available commercially. 
Glasswares, such as. test tube 25 mm x 150 mm) petri-dishes (17 mm 
X 100mm), wide mouth Edenmeyer flasks (100 ml and 250 ml) were 
purchased from Borosil, India. 
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3.13. Statistical analysis 
All the experiments repeated thrice. The effect of different treatments 
was quantified and data was analyzed statistically using SPSS ver. 11 (SPSS 
Inc., Chicago, USA) and "Microsoft Office-Excel 2003 (Microsoft Corp. 
USA). The significance of differences among means were carried out using 
Tukey's test at P = 0.05. The results are expressed as the means ± SE o'i 
three experiments. 
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Chapter 4 
RESULTS 
4.1. Tylophora indica (Burm. f.) Merrill 
4.1.1. Direct shoot regeneration 
4.1.1.1. Effect of cytokinin 
The sterile nodal explants produced shoot on MS medium. The 
morphogenetic response of nodal segment explants to various cytokinins 
(BA, kin and TDZ) are summarized in table 7. The explants on a medium 
without growth regulators (control) induced 1-2 shoots (Fig. lA). However, 
the multiplication rate and shoot number were higher in cultures 
supplemented with plant growth regulators. Significant differences were 
detected in shoot number and length among different concentrations and 
combinations of growth regulators. All the concentrations of BA (0.5, 2.5, 
5.0 and 10 JL/M), kin (0.5, 2.5, 5.0 and 10 jL/M) or TDZ (0.5, 2.5, 5.0 and 10 
/ J M ) alone facilitated the shoot bud differentiation. Swelling of dormant 
axillary bud took place within 10 days followed by differentiation into 
multiple shoots in 4 weeks (Fig. IB and C). The histological sections 
revealed the direct differentiation of shoot buds from the explant with 
prominent apical dome and leaf primordia (Fig. 24A and B). BA was found 
to be more efficient than kin and TDZ in respect to initiation and 
subsequent proliferation of shoots (Table 7). Nodal explants induced 1.8 ± 
0.17 shoots in the presence of 0.5 /vM BA alone, while the medium 
supplemented with kin or TDZ resulted in a reduced number of shoots. The 
maximum percentage (80 %) of shoot regenerating explants was observed 
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on MS medium with 2.5 / iM BA, which also induced the highest total 
number (3.7 ± 0.26) of shoots, whereas the highest length of shoots were 
observed on MS medium containing 2.5 / iM kin. The percentage of 
regeneration and multiple shoot induction declined with an increase in 
concentration of each cytokinin beyond the optimal level (2.5 fjM). Callus 
was formed occasionally at the base of explants. The callus formation was 
observed to retard the axillary bud formation and subsequent growth of 
shoots. Therefore, precaution was taken to remove such callus growth 
while sub-culturing. 
4.1.1.2. Effect of auxin and cytokinin 
Combined effect of auxins (lAA, IBA or NAA) and a cytokinin (BA) 
was also evaluated on multiple shoot induction (Table 8). BA with NAA 
was found to be more effective combination for shoot regeneration and 
multiplication. Nodal explants cultured on MS medium supplemented with 
2.5 IJM BA and 0.5 /L/M NAA exhibited 90 % shoot regeneration. On 
increasing the concentration of NAA upto 2.0 JJM, there was a gradual 
decrease in regeneration frequency and number of shoots per explant. The 
elevated concentration of NAA (2.0 / J M ) caused little callusing at cut end 
thus reduced the percent shoot regeneration and number of shoots per 
explant. MS medium containing BA (2.5 juM) and lAA (0.1, 0.5, 1.0 and 2.0 
jL/M) exhibited varying degree of shoot regeneration (Table 8). Among the 
various combinations of BA and lAA used, the highest shoot regeneration 
frequency (80 %) and number of shoots per explant (5.0 ± 0.30) with 
maximum shoot length (4.2 ± 0.15 cm) were recorded on MS medium 
supplemented with BA (2.5 fjM) + lAA (0.5 / J M ) after 6 weeks of 
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inoculation. Among the BA-IBA combinations, the maximum frequency (70 
%) of shoot bud formation and total number of shoot (4.3 ± 0.41) per 
explant was obtained on MS medium containing 2.5 /L/M BA with 1.0 p/M 
IBA. 
4.1.1.3. Effect of ascorbic acid 
in another experiment, nodal explants were cultured on growth 
regulators (2.5 jL/M BA + 0.5 fuM NAA) containing medium supplemented 
with various concentrations of ascorbic acid (50 - 500 mg/1) (Table 9). 
Results obtained after 6 weeks of culture revealed that 100 mg/l ascorbic 
acid in the presence of 2.5 fjM BA + 0.5 / J M NAA gave maximum response 
with regard to overall shoot growth in terms of number of shoots and 
shoot length (Fig. ID). The shoots formed were normal and the growth of 
axillary buds was most successful on this medium. Increasing concentration 
of ascorbic acid to 500 mg/1 suppressed the regeneration ability and shoots 
formed were vitrified. 
4.1.1.4. Effect of medium strength and pH 
The effect of the strength of MS medium on shoot proliferation was 
also examined with '/2MS, '/3MS and VAMS in addition to standard MS (Fig. 
2). Proliferation of shoot was found to be best on MS medium and poorest 
on V4MS medium. The effect of different pH of the medium (5.0, 5.4, 5.8 
and 6.2) was tested on MS medium supplemented with 2.5 JJM BA + 0.5 
jL/M NAA + 100 mg/I AA (Fig. 3). The optimum pH for shoot proliferation 
and elongation was found to be 5.8 and multiplication was severely 
inhibited in more acidic media. Removal of individual shoots and division 
of "shoot clumps" stimulated further proliferation of buds. Shoots thus 
produced, were either sub-cultured for further multiplication or transferred 
onto a rooting medium. 
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Explanation of Fig. lA-D 
A. Axillary bud proliferation on MS basal medium, after 4 weeks of 
culture. 
B. Multiple shoot regeneration from nodal explant on MS + BA (2.5 
juM), after 4 weeks of culture. 
C. Direct regeneration of shoots from nodal explants on MS + kin (2.5 
/ J M ) , after 4 weeks of culture. 
D. Multiple shoot regeneration on MS + BA (2.5 jUM) + NAA (0.5 ^M) 
+ AA (100 mg/l), after 6 weeks of culture. 
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Shoot length 
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Medium strength 
Fig. 2. Effect of MS medium strength on shoot proliferation from nodal explants 
of T. indica supplemented with BA (2.5 juM) and NAA (0.5 iiM) + AA (100 mg/l). 
Bars represents the mean ± SE. Bars denoted by the same letter within response 
variables are not significantly different ( /^0.05) using Tukey's tests. Evaluation 
was made after 6 weeks of culture. 
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Fig. 3. Effect of medium pH on shoot proliferation from nodal explants of T. 
indica supplemented with BA (2.5 juM) and NAA (0.5 /yM) + AA (100 mg/l). Bars 
represents the mean ± SE. Bars denoted by the same letter within response 
variables are not significantly different {P=0.05) using Tukey's tests. Evaluation 
was made after 6 weeks of culture. 
4.1.2. Indirect shoot regeneration 
4.1.2.1. Callus induction from different explants 
Leaf segments were cultured on MS medium supplemented with 0.5, 
2.5, 5.0 and 10.0 JL/M of 2,4-D or 2,4,5-T alone. Within 2 weeks of 
inoculation, callus was proliferated from cut edge of the explants (Fig. 4A 
and C). Morphology and growth of the callus varied with different level of 
2,4-D and 2,4,5-T. At lower concentration of 2,4-D (0.5 / J M ) , 74 % 
cultures formed calluses (Fig. 4B). When 2,4-D concentration was increased 
upto 10 ^ M , 96 % cultures showed callusing (Table 10). The leaf explants 
produced highly proliferating light yellow friable callus in the medium 
containing 2,4,5-T (Fig. 4D). On increasing the concentration of 2,4,5-T 
from 0.5 to 10 fjM, a gradual increase in percentage of cultures forming 
callus was noticed (Table 10). Almost all the explants cultured on MS 
medium supplemented with 10 /L/M 2,4,5-T showed callusing. Histological 
section of callus reveals homogenous mass of the parenchymatous cells (Fig. 
24D). 
Petiole explants were also cultured on MS medium supplemented 
with 0.5, 2.5, 5.0 and 10 ^ M of 2,4-D or 2,4,5-T for callus induction. 
Callus was initiated from the cut end of the explants and became visible 
within 2 weeks. While there was no callus formation in the medium 
without growth regulator, calluses were formed from petiole explants in 
most treatments with different frequencies on different treatments (Table 
10). Fast growing light yellow friable callus was observed at 10 / J M 2,4-D 
(Fig. 5A). The highest frequency (100 %) of light yellow organogenic callus 
was observed on MS medium containing 10 fjM 2,4,5-T (Fig. 5A and B). 
Calluses were subcultured every 3 weeks onto fresh medium and showed 
totipotency when transferred to media designed for plant regeneration. 
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Explanation of Fig. 4A-D 
A. Callus induction from leaf explants on MS + 2,4-D (10 [JM), after 2 
weeks of culture. 
B. Same culture after 4 weeks. 
C. Light yellow friable callus from leaf explants on MS + 2,4,5-T, after 2 
weeks of culture. 
D. After 4 weeks of culture. 

Explanation of Fig. 5A-D 
A. Light yellow friable callus from petiole explants on MS + 2,4-D (10 
)L/M), after 4 weeks of culture. 
B. Callus grown on MS + 2,4,5-T (10 juM), after 4 weeks of culture. 
C. Friable callus from nodal segment on MS + 2,4-D (10 ^/M), after 4 
weeks of culture. 
D. Callus grown on MS + 2,4,5-T (10 ^ uM), after 4 weeks of culture. 

Nodal explants exhibited callusing (70 %) on MS medium 
supplemented with 0.5 fjM 2,4-D after 4 weeks of inoculation. With an 
increase in 2,4-D concentration from 0.5 to 10 fjM, percentage of cultures 
forming callus increased upto 92 % (Table 10). Similarly, when nodal 
segments were cultured on MS medium supplemented with 2,4,5-T (0.5 -
10 / iM), fast growing callus was observed from all the explants after 4 
weeks of inoculation. The callus obtained was friable and light yellow (Fig. 
5C and D). 
4.1.2.2. Shoot differentiation from leaf callus 
The light yellow friable callus was sub-cultured on MS medium 
supplemented with BA, kin or TDZ alone and adventitious shoot buds 
differentiated from the surface of callus within 4 weeks of culture (Fig. 6A 
and B)). Formation of leaves and shoot elongation occurred within 6 weeks 
of culture (Fig. 6C and D). No regeneration on a medium without growth 
regulators was observed. Among the various concentrations of kin tested, 
the highest shoot regeneration frequency (85 %) and highest number of 
shoots (64.8 ± 0.74) were recorded at 5.0 fjM concentration (Table 11). 
Increasing the concentration of kin from 5.0 to 10 juM, a decrease in the 
rate of shoot regeneration ability was observed. The histological section 
made through differentiating calli clearly reveals the organization of large 
number of meristamatic zones (Fig. 24E) leading to the organoid formation 
(Fig 24F). 
Callus derived from leaf explants when subcultured onto MS medium 
containing TDZ (0.5 (JM) showed 20 % shoot regeneration after 6 weeks 
of inoculation (Table 11). With an increase in TDZ concentration upto 2.5 
jL/M, there was a gradual increase in regeneration frequency (20 to 80 %), 
on further increasing the concentration, a decline in regeneration frequency 
as well as the number of shoots per callus clump was noticed. 
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Explanation of Fig. 6A-D 
A. Emergence of shoot buds from leaf derived callus on MS + kin (5.0 
jUM), after 2 weeks of culture. 
B. Culture after 3 weeks. 
C. Multiple shoot regeneration on MS + kin (5 .0 /JM) , after 6 weeks of 
culture. 
D. Adventitious shoot regeneration on MS + TDZ (2.5 /jM), after 6 
weeks of culture. 

The callus when sub-cultured on the MS medium containing different 
concentrations of BA revealed the highest shoot regeneration frequency (70 
%) and maximum number (44.5 ± 2.41) of shoots per callus clump was 
obtained at a concentration of 5.0 jL/M BA (Table 11). However, the 
regenerants were stunted and had short internodes whereas shoots 
regenerated from TDZ and kin supplemented medium showed better 
growth and elongation. 
4.1.2.3. Shoot differentiation from petiole callus 
The light yellow friable callus was transferred to MS medium 
containing different amounts of TDZ for plant regeneration. Callus tissues 
proliferated rapidly, gradually turned green on the medium, and became 
organogenic; as was apparent by the numerous shoot bud primordia within 
2 weeks of culture (Fig. 7A). Formation of leaves and shoot elongation 
occurred within 6 weeks (Fig. 7B). Among the various concentrations of 
TDZ used, the highest shoot regeneration frequency (90 %) and mean 
number (56.5 ± 4.12) of shoots was recorded at 2.5 juM TDZ (Table 12). 
Increasing the concentration of TDZ to W IJM decreased the regeneration 
ability. No regeneration occurred without growth regulators. 
Experiments were conducted with other cytokinins such as BA and 
kin to test their ability for shoot regeneration (Table 12). The callus grown 
on MS medium supplemented with 2,4-D or 2,4,5-T when subcultured 
onto the medium containing various concentrations of BA or kin induced 
multiple shoots (Fig. 7C and D). The highest regeneration response 
achieved with each cytokinin was recorded after 6 weeks. Among the 
different concentrations of BA and kin tested, the maximum shoot 
regeneration was recorded at 5 / J M BA and kin, respectively (Table 12). 
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Explanation of Fig. 7A-D 
A. Shoot bud induction from petiole derived callus on MS + TDZ (2.5 
)UM), after 4 weeks of culture. 
B. Multiple shoot regeneration on MS + TDZ (2.5 jL/M), after 6 weeks of 
culture. 
C. Regeneration of shoots on MS + BA (5.0 ^M) , after 6 weeks of 
culture. 
D. Multiple shoot on MS + kin (5.0 fjM), after 6 weeks of culture. 

4.1.2.4. Shoot differentiation from nodal callus 
When the light yellow friable callus was subcultured on MS medium 
containing different concentrations of TDZ, BA or kin alone, it became 
greenish, nodular and more organized. Differentiation of shoot buds were 
observed from surface of callus within 4 weeks of culture (Fig. 8A and B). 
The callus culture inoculated on MS medium responded differently to three 
different cytokinins (TDZ/BA/kin) (Table 13). The highest regeneration 
frequency (80 %) and maximum number (54.5 ± 3.51) of shoots were 
achieved with 2.5 ( JM TDZ (Fig. 8C). On increasing the concentration of 
TDZ upto 10 | J M , a decrease in regeneration ability was noticed (Table 13). 
Calli derived from nodal explants when sub-cultured on MS medium 
augmented with kin (0.5 / iM), induced adventitious shoot regeneration 
after 4 weeks of inoculation which later developed into shoots and attained 
an average height of 2.32 cm after 6 weeks. Frequency of shoot 
regeneration was significantly increased by increasing the concentration of 
kin (0.5 - 5.0 IJM), whereas at higher concentration of kin (10 JL/M), shoot 
regeneration frequency and number of shoot per callus clump declined 
(Table 13). 
Adventitious shoot regeneration was observed from nodal segments 
derived callus on MS medium supplemented with BA (0.5 - 10 fjM) after 4 
weeks of sub-culturing. Among the various BA concentrations tested, 
highest shoot regeneration frequency (70 %) and maximum number of 
shoots per callus clump (38.0 ± 1.92) were recorded on MS medium 
containing BA (5.0 fjM) after 6 weeks of sub-culturing (Fig. 8D) and the 
shoots obtained attained an average height of 3.8 cm (Table 13). 
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Explanation of Fig. 8A-D 
A &. B. Differentiation of shoot buds from nodal derived callus on MS + 
kin {5.0^M). 
C. Multiple shoot proliferation on MS + TDZ (2.5 fjM), after 6 weeks 
of culture. 
D. Adventitious shoot regeneration on MS + BA (2.5 pM), after 6 
weeks of culture. 

4.1.3. Rooting of regenerated shoots 
4.1.3.1. In w/ro rooting 
The in vitro regenerated shoots were transferred to full and half-
strength MS medium. One week after inoculation, root formation was 
noticed from the basal cut portion of the shoots. Half-strength growth 
regulator free MS medium was found more effective than full-strength MS 
medium. Presence of auxin (JAA or IBA) at lower concentration in half-
strength MS medium facilitated better rhizogenesis (Fig. 9A, B and C). Half-
strength MS medium fortified with IBA was found superior to lAA with 
respect to induction of roots (Table 14). There was satisfactory 
improvement in rooting as 90 % of shoots rooted on half-strength MS 
medium containing 0.5 / J M IBA with fairly good length (3.85 ± 0.17) and 
number (4.30 ± 0.47) of roots per shoot (Table 14). No rooting was 
observed from the base of any microcuttings prior to the first week of 
culture. Rooting frequency increased gradually over time and reached 
maximum percentage after 4 weeks of cultures. 
4.1.3.2. £V i//irro rooting 
Ex vitro rooting was attempted as a means to decrease the 
micropropagation cost and also the time from laboratory to field. The basal 
portion of the regenerated shoots were dipped in IBA (10, 50, 100, 150, 
and 200/ iM) for 30 min and then planted in plastic pots containing sterile 
vermiculite. The best results were recorded by dipping shoots in 150 juM 
IBA for 30 min (Table 15). After 1 month, plants were transferred to garden 
soil and maintained in a greenhouse with 100% survival (Fig. 9D). The 
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growth rate of the plantlets was similar to that observed in plantlets 
transferred after in vitro rooting. 
4.1.3.3. Acclimatization 
Plantlets with 4-5 fully expanded leaves and well developed roots 
were successfully hardened off inside the growth room in a selected 
planting substrate (garden soil, soilrite or vermiculite) for 4 weeks and 
eventually established in natural soil (Fig. 10). Of the three different types 
of planting substrates examined, percentage survival of the plantlets was 
highest (90 %) in vermiculite (Table 16). About 100% of the regenerated 
plants survived following transfer from vermiculite to natural soil and did 
not show any detectable variation in respect to morphology or growth 
characteristics. 
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Table 15. Efficiency of root induction from in i//Y/-o raised shoots of T. indica 
when dipped in IBA solution for 30 min, 4 weeks after transplantation. 
Treatments 
Control (no IBA) 
I B A ( 1 0 A / M ) 
IBA(50iUM) 
I B A O O O A / M ) 
I B A O S O J U M ) 
IBA (200 ^M) 
% Rooting 
0 
40 
70 
90 
90 
80 
Mean number 
of roots/shoot 
0.0« 
1.2 ± O.SQd 
2.9 ± 1.20" 
3.3 ± 0.40" 
4.1 ± 0.30-
2.5 ± 0.70= 
Mean root 
length (cm) 
O.Od 
2.33 ± 0.15= 
2.83 ± 0.16"= 
3.26 ± 0.20^" 
3.66 ± 0.15^ 
3.01 ± 0.21" 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (/^0.05) using Tukey's test. 
Table 16. Evaluation of different planting substrates for hardening of in 
vitro raised plantlets of T. indica. 
Planting substrate Number of Number of Survival (%) 
plants transferred surviving plants 
Garden soil 60 32 53.3 
Soilrite 60 48 80.0 
Vermiculite 60 54 90.0 
Data were recorded after 4 weeks of transfer to planting substrates 
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Explanation of Fig. 10 
Acclimatized plants of T. indica, after 4 months. 
4.1,4. Synthetic seeds 
4.1.4.1. Effect of alginate concentration on beads formation 
The bead formation was influenced by different concentrations and 
combination of sodium alginate (2, 3, 4 and 5 %) and CaCl2.2H20 (25, 50, 
75, 100 and 200 mM). A 3 % solution of sodium alginate, upon 
complexation with 100 mM CaCl2.2H20 produced firm, clear, uniform 
beads within an ion exchange duration of 30 min (Fig. IIA). Higher 
concentration of sodium alginate (4 and 5 %) or CaCl2.2H20 (200 mM) 
were not found suitable because the resulting beads were hard enough to 
cause considerable delay in germination and beads formed using lower 
concentration of sodium alginate (2 %) were too fragile to handle. 
4.1.4.2. Plant regeneration from alginate encapsulated buds 
Nodal segments encapsulated in 3 % sodium alginate and 100 mM 
CaCl2.2H20 exhibited shoot re-growth after 2-3 weeks of culture on '/2MS, 
MS and MS medium supplemented with 0.1 - 5.0 fjM IBA (Fig. 11B). 
However, conversion into complete plantlets was achieved after 4-5 weeks 
of culture on the same medium (Fig. IIC and D). The maximum percentage 
response (91 %) for conversion of encapsulated explants into plantlets was 
recorded after 6 weeks of culture on MS medium supplemented with 0.5 
juM IBA (Table 17). 
4.1.4.3. Low temperature storage 
After 4 weeks of storage at 4 °C, the percentage response for 
conversion of encapsulated nodal segments into complete plantlets was 72 
%, whereas about 31 % of non-encapsulated nodal segments showed 
plantlets formation after 6 weeks of culture on MS medium supplemented 
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with 0.5 ^ M IBA (Table 18). The alginate matrix supplemented with 
necessary ingredients serve as artificial endosperm, thereby providing 
nutrients to the encapsulated explants for re-growth. However, the 
development of plantlets by encapsulated nodal segments decreased as the 
period of storage increased beyond 4 weeks (Table 18). 
4.1.4.4. Establishment of plants in soil 
Encapsulated nodal segments were also directly sown in autoclaved 
soilrite moistened with V2MS medium or tap water and soil moistened with 
'/2MS medium or tap water. Non-encapsulated nodal segments did not 
convert into plantlets under similar conditions. The best conversion 
frequency (43 %) of encapsulated nodal segments into plantlets under ex 
i////*o conditions was observed on soilrite moistened with V2MS salts, after 6 
weeks. Plantlets with well developed shoots and roots (Fig. 12A) were 
transferred to plastic pots containing sterile soilrite and covered with 
ploythene membrane. After one month they were transferred to pots 
containing normal garden soil and maintained in greenhouse (Fig. 12B). 
About 90 % plants were established in pots. 
81 
Table 17. Effect of different media on conversion of encapsulated nodal 
segments of T. indica after 6 weeks of culture 
Medium + PGR (juM) % Conversion response 
into plantlets 
1/2MS 
MS 
MS + IBA (0.1) 
MS + IBA (0.5) 
MS + IBA {2.5) 
MS + IBA (5.0) 
50.1 ± 2.4^^ 
52.3 ± 2.6^^ 
60.1 ± 2.3^ 
91.3 ± 2.6^ 
80.6 ± 2.3' 
45.0 ± 1.7^  
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different {P=0.05) using Tukey's test. 
Table 18. Effect of different storage durations on conversion of 
encapsulated and non-encapsulated nodal segments of T. indica after 6 
weeks of culture 
Storage durations % Conversion response 
(Weeks) for plantlet regeneration 
from encapsulated beads 
% Conversion response 
for plantlet regeneration 
from non-encapsulated 
beads 
0 
1 
2 
4 
6 
8 
91.3 ± 2.6^ 
83.0 ± 2.5^" 
80.0 ± 1.7'^  
72.3 ± 1.4'= 
61.6 ± 2.4^ ^ 
50.3 ± 2.5^ 
96.0 ± 3.1^ 
62.6 ± 2.2 -^
53.3 ± 2.0' 
30.6 ± 1.4^ ^ 
17.3 ± 1.2-
8.3 ± 1.5f 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different {P=0.05) using Tukey's test. 
82 
Explanation of Fig. I IA-D 
A. Synthetic seeds of T. indica formed by the encapsulation of 
nodal segments in 3 % sodium alginate and 100 mM CaCia. 
2H2O. 
B. Shoot formation from encapsulated nodal segments on MS + 
IBA (0.5 juM), after 2 weeks of culture. 
C & D. Regenerated plantlets from encapsulated nodal segments after 4 
weeks. 

Explanation of Fig. 12A-B 
A. Regenerated plants with well developed shoot and roots. 
B. Acclimatized plants derived from encapsulated nodal segments. 

4.1.5. Physio-biochemical studies 
4.1.5.1. Pigments and photosynthesis 
Photo-exposed regenerants of T. indica with low (50) and high 
(300) PPFD showed considerable increase in photosynthetic pigments [Chi 
a, b) and carotenoids contents throughout acclimatization period (Fig. 13A, 
B and 14A). Exposure to varying light intensities stimulated the continuous 
generation of Chi a and b for the entire period of acclimatization. T. indica 
has been found to be compatible with low light for the generation of 
photosynthetic pigments which is clearly evident with 15 % increase over 
high light exposure at day 28. Nevertheless, the acclimatized plantlets 
showed a linear increase of 3.3 to 55 % at low and 12 to 47 % at high 
light for Chi a against day 0 plantlets. Likewise, Chi b also showed the 
gradient outline of 28 to 57 % at low and 31 to 36 % at high PPFD. With 
high light exposure, the plantlets showed positive response for increased 
carotenoid pigments (Fig. 14A) Compared to control (day 0 plantlets), 
about 25 % increase in carotenoid contents has been observed at high light 
acclimatized plantlets at day 28. Plantlets acclimatized for two weeks found 
positive for carotenoid pigments which further enhanced from 15 to 27 % 
at low and 35 to 55 % at high light exposure. From the first week of 
transplantation the positive measurements of photosynthesis were 
evaluated (Fig. 14B). The appearance of new leaves induce the net synthetic 
rate. However, saturation was exhibited by the plantlets acclimatized at 
low light. 
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Fig. 13A and B. Changes in tiie level of Chi a content (A) and Chib content 
(B) in micropropagated plantlets of T. indica acclimatized at PPFD 50 and 
300 jL/mol m-2 s' for 28 days. Bars represents the mean ± SE (n=5). Bars 
denoted by the same letter are not significantly different {P=0.05) using 
Tukey's tests. 
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Fig. 14A and B. Changes in the level of carotenoids content (A) and 
evolution of net photosynthetic rate PN (B) in micropropagated plantlets of 
T. indica acclimatized at PPFD 50 and 300 /jmol m^ s' for 28 days. Bars 
represents the mean ± SE (n=5). Bars denoted by the same letter are not 
significantly different {P=0.05) using Tukey's tests. 
4.1.5.1. Enzymatic activities 
A time dependent variation in tiie SOD generation has been noticed 
for the acclimatized plantlets of T. indica. Increase in the SOD activity has 
been noticed for plantlets acclimatized with high light intensities (Fig.lSA). 
Furthermore, the level of Catalase increased during the whole period of 
acclimatization (Fig. 15B). The effect of high PPFD is clearly evident with 
the elicited catalase activity at the termination day. Likewise, photo-
exposure of the plantlets with both PAR elevated the level of GR against 
the control plantlets (Fig. 16A). Nonetheless, the APX activity increased 
with varying period of acclimatization (Fig. 16B). At low and high light day 
28 plantlets showed 64 and 72 % increased peroxidase activity respectively 
over control. 
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4.2. Rauvolfia tetraphylla L 
4.2.1. Direct shoot regeneration 
4.2.1.1. Effect of auxin and cytokinin 
Nodal explants obtained from an identified field grown plants 
cultured on MS medium did not show any growth and eventually 
necrosed. In the first experiment, the nodal explants were cultured on MS 
medium supplemented with BA (0.5 - 10/iM), kin (0.5 - 10 ^'M), lAA (0.5 
- 10 / J M ) or NAA (0.5 - 10 jdhA) alone. None of these treatments could 
induce axillary shoot sprouting. However, the nodal explants implanted on 
MS medium supplemented with BA (1.0 - 20 / J M ) + NAA (0.5 pM) or kin 
(1.0 - 20 / J M ) + lAA (0.5 jUM) shewed emergence of multiple shoot buds 
after 3 weeks of inoculation (Fig. 17A and B)). The number and frequency 
of shoot with regard to the medium used also varied (Table 19). Presence 
of high cytokinin and low auxin positively influenced the induction of 
shoots. The combination of BA with NAA gave significantly more shoots 
per explant than Kin with lAA. The results presented in table 19 shows that 
the number of shoot per explant increased as the BA concentration 
increased from 1.0 to 10 ^ M . Among the various combinations of BA-NAA 
tested, the highest number of shoot was recorded on a medium containing 
BA (10 /iM) + NAA (0.5 juM) (Fig. 17C). On this medium, 80 % of the 
explant proliferated with an average of 9.6 ± 0.5 shoots per explant in 6 
weeks. The shoot bears large number of leaves with condensed node. 
Nodal segment explants cultured on MS medium 
supplemented with kin (1.0 - 20/ iM) + lAA (0.5 ^M) also induced multiple 
shoot formation (Table 19). But the numbers of shoots were nearly 
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Explanation of Fig. 17A-C 
A. Multiple shoot induction on MS + kin (10 fjM) + lAA (0.5 JL/M), after 
3 weei<s of culture. 
B. Multiple shoot on MS + BA (10 IJM) + NAA (0.5 fjM), after 3 weeks 
of culture. 
C. After 6 weeks of culture. 

half to those induced on medium containing BA + NAA. The highest 
frequency of shoot regeneration was recorded on MS medium containing 
kin (10 ^M) + lAA (0.5 juM). On this medium, 75 % of the explant 
proliferated with an average of 6.8 ± 0.19 shoots which attained an 
average length of 3.93 cm in 6 weeks (Table 19). The elongation in shoots 
was due to larger internodal distance. 
4.2.1.2. Effect of TDZ dosage and duration 
The explants cultured on MS basal medium without TDZ failed to 
produce shoots even after 6 weeks of culture. MS medium supplemented 
with different concentrations of TDZ (0.5, 2.5, 5, 7.5 and 10 fjM) 
stimulated axillary shoot sprouting within 4 weeks (Fig. 18A). Medium 
supplemented with 0.5 JJM TDZ induced 4.5 ± 0.28 shoots per explant. 
On increasing its concentration up to 5 jjM, the number of shoots per 
explant increased significantly. The highest shoot regeneration frequency 
(90 %) and maximum mean number (9.2 ± 1.20) of shoots per explant 
was found at 5.0 ^ M (Fig 19). 
When the responsive explants were transferred to growth regulator 
free MS medium, the shoot multiplication rate increased in all treatments. 
To determine the optimum period for obtaining maximum number of 
regenerants, the explants were exposed to TDZ for different periods (2, 4 
and 6 weeks) (Fig. 20). There was significantly greater number of shoots on 
explants exposed to 5.0 JJM TDZ for 4 weeks, while at high concentrations 
(7.5 to 10 |JM) shoot numbers were reduced (Fig. 20). The number 
of shoots per explant was recorded to be 9.2 on MS medium 
supplemented with 5.0 |JM TDZ after 4 weeks of incubation and 
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Explanation of Fig. 18A-D 
A. Shoots induction on MS + TDZ (0.5 /JM), after 4 weeks of culture. 
B. Multiplication of shoot cultured on MS + TDZ (5 / J M ) for 4 weeks 
prior to their transfer to hormone free medium, 
C. Flower bud induction on MS + TDZ (5.0 / J M ) . 
D. Flowering in in vitro regenerated shoots. 
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Fig. 19. Effect of TDZ concentrations on % regeneration and mean number of 
shoots per nodal explant of R. tetraphylla. Bars represents the mean ± SE. Bars 
denoted by the same letter within response variables are not significantly different 
( /^0.05) using Tukey's tests. Evaluation was made after 6 weeks of culture. 
Fig. 20. Effect of TDZ concentrations and duration (2, 4 and 6 weeks) of exposure 
to TDZ on multiple shoot regeneration from nodal explants of R. tetraphylla. Bars 
represents the mean ± SE. Bars denoted by the same letter within response 
variables are not significantly different {P=0.05) using Tukey's tests. Evaluation 
was made after 6 weeks of culture. 
this was increased to 18.5 on a growth regulator free MS medium after 8 
weeks (Fig. 18B). However, the cultures continuously grown on TDZ 
containing media resulted in the formation of fasciated and distorted shoots 
as confirmed by the histological studies (Fig. 24C). Premature development 
of morphologically normal flowers was predominantly observed on 
regenerants grown on MS medium containing 5.0 ^/M TDZ (Fig. i8C 
and D). 
4.2.2. Rooting of regenerated shoots 
For rooting, the regenerated shoots were excised and transferred to 
MS medium supplemented with different concentration of lAA and IBA 
(0.1, 0.5, 1.0 and 2.0 / J M ) . The basal cut portion of the shoots resulted in 
root formation within 10 days of culture. The effect of different treatments 
on root induction is summarized in table 20. No root formation was 
recorded on growth regulator free medium. The maximum frequency of 
root formation (100 %) , number of roots (4.80 ± 0.58) and root length 
(3.85 ± 0.30) were achieved in a medium containing 0.5 )L/M IBA, after 4 
weeks of incubation. MS medium supplemented with lAA also induced 
roots on varying degree (Table 20). lAA at a concentration of 0.5 fjM gave 
optimal response for root induction. Of the two auxins used, IBA was 
found best for root induction and lAA was least effective (Table 20). 
The microshoots were also rooted on growth regulator free MS 
medium following initial incubation for 16 days on a medium containing 
IBA (50 - 200/ iM). Among the various concentrations of IBA used, the best 
response (90 %) for rooting was recorded at 150 juM IBA after 4 weeks of 
transfer to auxin free MS medium (Table 21) whereas, the maximum 
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percentage (100 %) and highest root length was achieved on a medium 
containing 0.5 juM IBA (Table 20). 
4.2.3. Acclimatization 
Plantlets with 4-5 fully expanded leaves and well developed roots 
(Fig. 21A and B) were successfully hardened off inside the growth room in a 
selected planting substrate for 4 weeks and were eventually established in 
garden soil (Fig. 22). Of the three different types of planting substrates 
examined, percent survival of the plantlets was highest (80 %) in 
vermiculite (Table 22). About 90% of the micropropagated plants survived 
following transfer from soilrite to natural soil and did not show any 
detectable variation in respect to morphology or growth characteristics. 
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Table 21. Effect of IBA on rooting in in vitro raised shoots of R. tetraphiylla 
after transfer to growth regulator free MS medium. 
Treatments 
Control (no IBA) 
lBA(50iLiM) 
IBA (100 ^M) 
IBA(150juM) 
1 B A ( 2 0 0 A V M ) 
% Rooting 
O 
40 
70 
90 
80 
Mean number 
of roots/shoot 
O.O^" 
1.6 ± 0.15' 
4.3 ± 0.20b 
10.3 ± 1.60^ 
11.2 ± 1.54^ 
Mean root 
length (cm) 
O.O'' 
1.16 ± 0.15^ 
1.40 ± 0.16' 
2.97 ± 0.20^ 
2.38 ± 0.15^ 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different {P=0.05) using Tukey's test. 
Table 22. Evaluation of different planting substrates for hardening of in 
vitro raised plantlets of R. tetrapiiyila. 
Planting substrate Number of Number of Survival (%) 
plants transferred surviving plants 
Garden soil 60 30 53.0 
Soilrite 60 40 66.6 
Vermiculite 60 48 80.0 
Data were recorded after 4 weeks of transfer to planting substrates 
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Explanation of Fig. 21A-B 
A. &. B. Plantlets with well developed shoot and roots. 
- i 
Explanation of Fig. 22 
Acclimatized plants of R. tetraphylla, after 6 months. 

4.2.4. Synthetic seeds 
4.2.4.1. Effect of Na-alginate concentration on beads preparation 
The encapsulated beads differed morphologically with respect to 
texture, shape and transparency, with different combinations of sodium 
alginate (2, 3, 4 and 5 %) and CaCl2.2H20 (100 mM). The assessment on 
the effects of various concentrations of sodium alginate and calcium 
chloride is a prerequisite in order to standardize the preparation of 
characteristic beads. An encapsulation matrix of 3 % sodium alginate with 
100 mM of CaCl2.2H20 was found most suitable for the formation of ideal 
beads (Fig. 23A). Sodium alginate concentrations below 3 % were not 
suitable for encapsulation because the resulting beads were without a 
defined shape and were too soft to handle, whilst at higher concentration, 
the beads were isodiametric, and hard to cause considerable delay in 
regeneration. 
4.2.4.2. Shoot regeneration from encapsulated beads 
The beads encapsulated in 3 % sodium alginate when cultured on 
MS medium containing BA (2.5 - 20 /iM) + NAA (0.5 juM), showed the 
emergence of shoots within 2-3 weeks of incubation (Fig. 23B and C). The 
frequency of shoot development on these culture media varied according 
to mediumi composition (Table 23). MS medium supplemented with 10 ^M 
BA with 0.5 |aM NAA gave the maximum frequency (75 %) of conversion 
of encapsulated buds into multiple shoots. After 6 weeks, well developed 
shoots were observed on this medium (Fig. 23D). Shoots were 
phenotypically normal with distinct nodes and internodes. There was no 
regeneration on a growth regulator free medium. The encapsulated beads 
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cultured on medium supplemented with BA (20 / J M ) + NAA (0.5 JL/M) 
showed the emergence of weak shoots with stunted growth. 
4.2.4.3. Low temperature storage 
The conversion response of encapsulated nodal segments, after 1, 2, 
4, 6 and 8 weeks of storage duration at 4 °C are presented in table 24. 
Storage at 4 °C resulted in high rate of shoot proliferation (86 %) if the 
beads containing microshoots were transferred back to the medium 
containing BA (10/JM) + NAA (0.5 /iM) within 4 weeks. Longer storage for 
6 and 8 weeks significantly decreased the growth and multiplication of 
explants (Table 24). 
4.2.4.4. Rooting and plant establishment 
The regenerated shoots rooted when excised and subjected to MS 
medium containing 0.5 \xM IBA. The plantlets with well developed shoot 
and roots were transferred to plastic pots containing sterile soilrite and 
covered with transparent polyethylene bags. After 1 month, these were 
planted in earthen pots containing normal garden soil and maintained in 
greenhouse. 
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Table 23. Effect of different media on conversion of encapsulated nodal 
segments of R. tetraphylla after 6 weeks of culture 
Medium + PGR (juM) % Conversion response Mean number 
into plantlets of shoots 
MS 0 O.Qd 
MS + BA (2.5) + NAA (0.5) 35 3.3 ± 0.24^ 
MS + BA (5.0) + NAA (0.5) 47 6.2 ± 0.60^ 
MS + BA (10) + NAA (0.5) 75 9.2 ± 1.01^ 
MS + BA (20) + NAA (0.5) 63 5.3 ± 0.44^^ 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different {P=0.05) using Tukey's test. 
Table 24. Effect of cold storage (4 °C) on in vitro regeneration from 
alginate-encapsulated nodal cuttings of R. tetrapliylla after 6 weeks of 
culture to MS medium containing BA (10/iM) + NAA (0.5 juM) 
Storage durations % Conversion response Mean number 
(Weeks) into plantlets of shoots 
0 75 9.2 ± 1.01^ 
1 75 9.3 ± 1.10^  
2 78 9.0 ± 1.01 '^' 
4 86 9.6 ± 1.21^ 
6 60 8.0 ± O.SB^ b 
8 33 5.3 ± 0.45b 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different ( /^0.05) using Tukey's test. 
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Explanation of Fig. 23A-D 
A. Beads formed by the encapsulation of nodal segments using 3 % 
sodium alginate and 100 mM CaCl2.2H20. 
B &. C. Ruptured beads showing sprouting of shoots on MS + BA (10 JJM) 
+ NAA (0.5 )L/M) after 2 weeks of culture. 
D. Well defined shoots derived from encapsulated nodal segments 
after 6 weeks of culture. 
fc II ^ » , ^ 3 F ^W ^^ 

4.2.5. Physio-biochemical studies 
4.2.5.1. Pigments and photosynthesis 
The regenerated plantlets of R. tetraphylla exposed with varying 
light intensities of 50 and 300 PPFD showed increase in pigment content 
throughout acclimatization. Compared to control plantlets, a significant 
enhancement in Chi a and b has been evaluated in acclimatized plantlets 
(Fig. 25A and B). During acclimatization, substantial increase of Chid. (15 to 
56 %) at low light and (6 to 57 %) at high light has been observed against 
control. Likewise, Chi b concentration also showed the gradual increase 
from 11 to 60 % and 11 to 53 % with low and high light respectively. The 
high light treated plantlets of day 28 exhibited 21 % increase in carotenoid 
content over day 0 plantlets. The pigment-PAR correlation can easily be 
manifested with the increase of carotenoid contents from 8 to 20 % at low 
and 20 - 37 % at high light intensity after one week of transplantation (Fig. 
26A). Similarly, changes in net photosynthetic rate was found significant 
over control from first week of acclimatization (Fig. 26B). With the 
appearance of new leaves higher photosynthetic capacities were observed. 
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Fig. 25A and B. Changes in the level of Ch/a content (A) and Ch/h content 
(B) in micropropagated plantlets of R. tetraphylla acclimatized at PPFD 50 
and 300 / imo l m^ s' for 28 days. Bars represents the mean ± SE (n=5). Bars 
denoted by the same letter are not significantly different {P=0.05) using 
Tukey's tests. 
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Fig. 26A and B. Changes in the level of carotenoids content (A) and 
evolution of net photosynthetic rate PN (B) in micropropagated plantlets of 
R. tetraphylla acclimatized at PPFD 50 and 300 jL/mol m 2 s' for 28 days. 
Bars represents the mean ± SE (n=5). Bars denoted by the same letter are not 
significantly different {P=0.05) using Tukey's tests. 
4.2.5.2 Enzymatic activities 
Acclimatization of R. tetraphylla plantiets showed changes in SOD 
activity from the first week of transplantation (Fig. 27k). Variation in SOD 
response has been observed for micropropagated R. tetraphylla at low and 
high light intensities. However, increased level of catalase activity was 
obvious from third week of transplantation, with QQ^comitant reduction of 
catalase level at day 28 plantiets upon high light treatment (Fig. 27B). 
Varying light intensities showed no correlation with GR activity stand point 
when compared with day 0 plantiets (Fig. 28A). High light induced a 
marginal increase of 8.4 % in APX activity at the end of acclimatization 
(Fig. 28B). 
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Chapter 5 
DISCUSSION 
The natural resources of the world are showing rapid depletion. 
Consequently, renewable resources such as economically and medicinally 
important plants have become increasingly relevant to meet ever increasing 
demand, and to maintain the environmental balance. The conventional 
methods of raising propagules for large scale plantation have failed to fulfill 
the increasing demand. The in vitro techniques offer an alternative means 
of propagation which prove their worthiness for micropropagation and 
conservation of medicinally important plants, assuring the healthy 
environmental quality. 
The prime concern of tissue culture studies is to develop reliable 
protocols that are simple, efficient, reproducible, cost effective, adaptable 
and offer a platform for genetic manipulation (Ahuja, 1987). The tissue 
culture techniques are being increasingly exploited for in vitro propagation 
of medicinal and aromatic plants and for commercial exploitation of 
valuable plant derived pharmaceuticals (Bajaj et al., 1988; Arora and 
Bhojwani, 1989, Bhojwani et al., 1989; Purohit et al., 1994; Pattnaik and 
Chand, 1996; Veeresham et al., 1998; Rout 2002; Faisal et al., 2006b). 
According to Huang and Murashige (1976), the striking response of 
in vitro differentiation in excised tissue depend on the composition of 
medium, and therefore, the basic regulatory mechanism involved a balance 
between auxin and cytokinin (Skoog and Miller, 1957). Morphogenic 
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response exhibited in the form of shoots or roots are thus correlative to 
specific auxin and cytokinin ratio. Consequently, one of the most 
influencing factors in multiple shoot regeneration is the modulation of 
endogenous auxin to cytokinin balance (Thorpe, 1980). The initiation of a 
proliferating culture from the explants involves profound changes in the 
developmental stages of the tissue and results in alteration in basic 
architecture of cell and tissues leading to activation of even quiescent or 
fully differentiated cells. Clonal multiplication through various explants is 
advantageous over conventional propagation methods as large number of 
plants can be produced within short span of time. 
The present investigation was an endevour to achieve rapid and 
reproducible in vitro regeneration system in two important medicinal plants 
viz., Tylophora indica and Rauvolfia tetraphylla. The results obtained 
during the study have been discussed in the light of existing literature. 
Nodal segments containing axillary buds have quiescent or active 
meristems depending upon the physiological stage of the plant. These buds 
have the potential of developing into complete plantlets. The conventional 
method for vegetative propagation of stem cuttings utilizes the axillary bud 
to take over the function of main shoot in the absence of a terminal bud. In 
nature, these buds remain dormant for specific period depending on 
growth pattern of the plant. However, by the tissue culture, the rate of 
shoot multiplication can be enhanced multifold by axillary bud culture in a 
nutrient medium containing suitable cytokinin or cytokinin and auxin 
combinations. Due to continuous availability of cytokinin, shoot formed by 
the bud already present in the explant (nodal segment), develops into 
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axillary buds, which directly grow into shoots. The multiple shoot 
formation following in vitro culture of nodal segments has proved to be an 
effective method of mass multiplication. Using this method, a large number 
of plants can be produced with limited amount of original explant in a 
reasonably short time. The plants are also true to type, i.e. clonal progeny 
of mother plant. In the course of this study, a protocol for direct 
regeneration of T. indica from nodal explants was formulated. An 
exhaustive study on regeneration was carried out leading to the 
formulation of reliable media for rapid multiplication. The promotive effect 
of BA in multiple shoot bud differentiation has been demonstrated in 
number of case using variety of explants (Stefaan, 1994; Bhat et al., 1995; 
Pattnaik and Chand, 1996; Patil, 1998; Sahoo and Chand, 1998; Khalafalla 
and Hattori, 1999; Mao et al., 2000; Jeong et al., 2001; Tawfik and Noga, 
2001; Hiregoudar et al., 2003; Cheepala et al. 2004, Loc et a!., 2005; 
Hiregoudar et al., 2006). In the present case, BA also proved to be more 
effective among various cytokinins. Among the different levels of BA, 2.5 
juM produced the maximum number of shoots from nodal explants of T. 
indica. Other cytokinins, kin and TDZ were found less effective as 
compared to BA. However, in case of R. tetraphylla no regeneration was 
observed on a media containing single cytokinin except TDZ. In the present 
study, the effect of various auxins (lAA, IBA or NAA) in combination with 
optimal concentration of BA was found to be significant. The lower 
concentration of auxin with higher concentration of cytokinin were 
promising for induction and multiplication of shoots in T. indica. MS 
medium supplemented with 2.5 / iM BA in combination with 0.5 fjM NAA 
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proved more effective for direct shoot regeneration in T. indica. The 
synergistic effect of BA in combination with an auxin has been 
demonstrated in many medicinal plants of Asclepiadaceae namely, 
Cymnema sylvestre (Reddy et al., 1998), Holostemma annulare (Sudha et 
a!., 1998), Hemidesmus indicus (Sreekumar et a!., 2000), Holostemma ada-
kodien (Martin, 2002); Leptadenia reticulata (Arya et al., 2003) and 
Ceropegia candelabrum (Beena et al., 2003). Hovy/ever, in Ceropegia jainii 
and C. bulbosa, BA alone is reported as most effective for shoot 
regeneration (Patil, 1998). In accordance v^ith above reports, the present 
study also exemplifies the positive modification of shoot induction efficacy 
by low concentration of auxin in combination with a cytokinin. Addition of 
ascorbic acid (100 mg/l) to the medium containing 2.5 / J M BA + 0.5 ^ M 
NAA significantly enhanced the shoot numbers and length of the shoots. 
Similarly, stimulative effects of ascorbic acid were also reported by Sharma 
and Chandel (1992) and Ahmad et al. (2006). Considerable success has also 
been achieved with the in vitro micropropagation of R. tetraphylla. The 
resultant morphogenic response depends upon the levels and combinations 
of auxin and cytokinin used. Nodal explants obtained from field grown 
plants of R. tetraphylla showed best response on MS medium 
supplemented with 10 / J M BA + 0.5 / iM NAA. Superiority of BA over 
kinetin along with an auxin for shoot regeneration was observed in the 
present study. The results got the supports from the earlier findings of Shen 
et al. (1990), Ma et al. (1992), Sudha and Seeni (1996), Llyod et al. (1998), 
Singh et al. (2000), Martin (2002), Faisal et al. (2005c), Kataria and 
Shekhawat (2005). 
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Thidiazuron (TDZ), a substituted phenyl urea (N-phenyl-1-2-3 
thidiazol-5-yl urea) is a potent bioregulant for in vitro morphogenesis. TDZ 
induces high rates of regeneration and axillary shoot proliferation in several 
plant species (Fiola et al., 1990; Malik and Saxena, 1992; Huetteman and 
Preece, 1993; Cocu et a!., 2004; Faisal and Anis 2006). Its mode of action 
may be attributed to either its ability to induce cytokinin accumulation 
(Victor et a!., 1999) or to enhance the accumulation and translocation of 
auxin (Murch and Saxena, 2001). In general, TDZ appears to be more 
effective than purine type cytokinins in shoot bud regeneration (Lu, 1993; 
Murthy et al., 1998) which is consistent with my results in R. tetrapliylla. 
The present study demonstrated that TDZ has the potential in 
inducing shoot buds from nodal explants of R. tetraphylla and the 
maximum percentage of shoot regenerating explants was observed on MS 
medium containing 5.0 juM TDZ, which also induce the highest total 
number of shoots. This is in accordance with earlier report by Huetteman 
and Preece (1993) who advocated that high rates of axillary shoot 
multiplication can be achieved using TDZ in many species at concentration 
ranging from 0.1 nm to 10 jUM. However, in case of T. indica, BA was 
found more effective cytokinin as compared to TDZ and kin. In the present 
study, shoot obtained from nodal explants of R. tetraphylla on media 
containing TDZ resulted in the formation of fasciated and distorted shoots 
when continued to culture on the same shoot induction medium. This 
problem was overcome by transferring the shoot clusters to the medium 
lacking TDZ. After 4 weeks of incubation on 5.0 / J M TDZ, the number of 
shoots per explant was 9.2 and this increased to 18. 5 on growth regulator 
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free MS medium in 8 weeks. The deleterious effects of continued presence 
of TDZ has also been reported on growth and multiplication of Cicer 
arietinum (Murthy et al., 1996), Anoectochilus formasanus (Ket et al., 
2004) and Psoralea corylifolia (Faisal and Anis, 2006). The results obtained 
clearly indicate that an optimum exposure time of explants in TDZ-
supplemented medium followed by the withdrawal of TDZ effectively 
triggered shoot multiplication in R. tetraphylla. It appears that TDZ may be 
needed for initiating the multiplication of bud meristems. 
Regeneration potential of cultured explant evidently depend upon a 
number of factors such as types of explants, temperature, light, nutrient, 
age and level of endogenously produced phytohormones (Reddy and 
Vaidyanath, 1990; Malik and Saxena, 1991; Reddy and Reddy, 1993; 
Pandey, 1995; Gulati et al., 1999; Arora and Chawla, 2005). The callus 
induction is of prime importance in several studies to select callus lines for 
the production of pharmaceutically important secondary metabolites (El-
Bahr et al., 1997; Datta and Srivastava, 1997; Veeresham et al., 1998; 
Thengane et al., 2003). Catlusing behavior of explants and concentrations 
of auxins and cytokinins as the most acceptable doctrine of Skoog and 
Miller (1957). Interestingly it was observed that in the same plant different 
explants showed differential response for callus induction at various levels 
of growth regulators. The differential response of explant might be 
explained on the basis that different explants were at different biochemical 
status of the explants at the time of inoculation (Paterson and Everett, 
1985). 
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In the present investigation leaf, petiole and nodal segment explants 
of T. indica were found responsive for callus induction. Callusing started 
from cut surface of the explants and covered the whole surface within 4 
weeks. Formation of callus at cut end of explants may be due to the 
accumulation of auxin at the cut end, which stimulated cell proliferation in 
the presence of a growth regulator. The result obtained indicated that 
culture medium had significant effect on callusing response. Among the 
various concentration of 2,4-D and 2,4,5-T, an appropriate concentration 
was found to be important for callus induction. Medium with relatively 
higher concentrations (10/;M) of 2,4-D or 2,4,5-T favoured better callusing 
and growth from cultured explants (Leaf, petiole and nodal segments) of 
T. indica. 2,4-D has been regarded as a potential auxin for callus induction 
through various explants (Hu and Wang, 1983; Kumari and Saradhi, 1992; 
Sarvesh et al., 1993; Potrizio et al., 1995; Umadevi and Bai, 1995). The 
effectiveness of 2,4-D was also well documented by Mucciarelli et al. 
(1993), Holme and Anderson (1996), Kundu and Sett (1999), Manickam et 
al. (2000) Tao et al. (2002) and Thomas and Maseena (2006). While, in 
the present study 2,4,5-T at lOjuM has proved to be better auxin for callus 
induction where all the explants like leaf, petiole and nodal segments of T. 
indica produced callus. The beneficial effect of 2,4,5-T for callus induction 
in various plant species has been earlier reported by several workers 
(Malepszy et al., 1990; Yam et al., 1990; Muthukumar et al., 1995; 
Thengane et al., 2003). 
In T. indica indirect regeneration of adventitious shoots obtained 
through calli from leaf explants was highest on a medium containing kin 
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while through petiole and nodal segment derived calluses, the maximum 
shoot organogenesis was observed on a media containing TDZ. These 
differences in morphogenic potential clearly indicate that the subcuitured 
calli may start self synthesis of cytokinin, altering endogenous level as a 
result exogenous applications of required cytokinin was different for 
morphogenesis as compared to leaf callus. The frequency of shoot 
regeneration from leaf derived callus was highest on MS medium containing 
5,0 fjM kin. Increasing the concentration of kin to 10 fjM, a decrease in 
shoot regeneration ability was noticed. A positive role of BA was also 
observed in shoot regeneration from leaf callus culture but the frequency of 
shoot and number of shoot per callus was lower. The results obtained 
showed consistency with earlier findings of Sharma et al. (1991) and Reddy 
et al. (2001). However, the callus developed from petiole and stem 
explants induced maximum shoots on a media containing 2.5 JL/M TDZ. The 
effectiveness of TDZ over other cytokinins has also been reported in callus 
culture of Dianthus caryophyllus {UuugenX et al., 1991; Nakano et al., 1994) 
and Saintpaulia ionantha (Winklemann and Grunewaldt, 1995). 
Rooting of in vitro regenerated shoots, transplantation and 
acclimatization of plantlets to the natural conditions is considered to be the 
most important step but difficult task in tissue culture. In the present study, 
different growth regulators at varying concentration were tried to optimize 
rooting response of in vitro raised microshoots of T. indica and R. 
tetraptiylla. Strength of MS medium was found to be an important factor 
influencing rooting efficiency. Microshoots of T. indica when transferred to 
growth regulator free medium induced roots. The efficiency of root 
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induction was enhanced by the reduction in MS salt-solutions to half-
strength. The incidence of root formation in auxin-free medium may be due 
to the availability of higher quantity of endogenous auxin in in vitro 
shootlets. However, the in vitro regenerated shoots of R. tetrapfiylla were 
rooted on growth regulator free MS medium following initial incubation 
for 16 days on a medium containing high concentration of IBA. Similarly, a 
two step rooting procedure was also reported by Bag et al. (2000). 
Auxins (lAA and IBA) showed differential response in inducing roots 
in T. indica and R. tetrapfiylla. In general, IBA has been observed to induce 
strong rooting response; IBA has been used to promote rooting in a wide 
range of plant species and is readily available wodd wide. Similarly, data 
obtained in the present study showed that IBA was more effective than lAA 
in stimulating adventitious root formation in in vitro regenerated shoots of 
T. indica and R. tetraphylla. A variation on the effect of IBA on rooting in 
these two plants was significantly affected by the concentration o\ IBA in 
the medium as wells as on the duration of exposure of shoot to the IBA. 
The best rooting response was obtained in a medium containing 0.5 ^ M 
IBA. The successful application of IBA for efficient root induction has been 
reported in Swaisona formosa (Jusaitis, 1997), Hemidesmus indicus 
(Sreekumar et al., 2000), Cunila galoides (Fracaro and Echeverrigaray, 
2001), Holostemma ada-kodien (Martin, 2002), Ceropegia candelabrum 
(Beena et al., 2003) and Mucuna pruriens {?a\sd\ et al., 2006b). 
The microshoots of T. indica when given a pulse treatment with IBA 
for 30 min and planted in sterile vermiculite developed healthy roots. This 
method can be used as an alternative to in vitro rooting and reduce the 
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cost of production considerably. The ex vitro rooting is preferred in 
different plants with a view to save time and resources (Meane and 
Debergh, 1983; Preece and Shutter 1991; Babu et al., 2000; Arya et a!., 
2003). 
One of the most important and critical step in micropropagation of 
plants is the period of transition during the process of hardening after 
transfer from in vitro to ex vitro environment. Due to heterotrophic mode 
of nutrition, lack of adaptation or exposure to the outside environment, 
micropropagated plants during lab to land transfer are first placed in the 
hardening chamber. The tissue culture plants when transferred to ex vitro 
environment conditions fails to cope with outer climatic fluctuations and 
are attacked by various micro-organisms and develop a functional 
photosynthesis and other systems required for survival after lab to field 
transfer. During the initial stages of hardening, wilting and desiccation are 
common. 
In general, during the period of hardening care is taken regarding the 
physical factor (temperature, light intensities, relative humidity, air current, 
atmospheric CO2), as well as other factors (mineral nutrition, pH and 
texture of soil). An important factor during acclimatization is the type of 
potting material used. In the present study, three different types of plant 
substrates viz., garden soil, soilrite and vermiculite were used for the 
successful acclimatization of in vitro regenerated plants of T. indica and R. 
tetraptiylla. The percent survival of micropropagated plants was highest in 
vermiculite. 
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The encapsulation technique for producing synthetic seed has 
become an important asset in micropropagation. Fundamental to a 
successful propagation routed through encapsulation is the selection of the 
appropriate plant part as the starting experimental material, and above all 
optimization of the process of germination or plant retrieval. Axillary shoot 
buds were suitable for encapsulation studies as they were excellent plant 
material for the preparation of synthetic seeds, besides possessing great 
potential from pre-existing meristamatic tissues that ensures the genetic 
stability of regenerants. In the present study, nodal segments from axenic 
shoot cultures of T. indica and R. tetraphylla were used for encapsulation. 
The assessment of the effects of various concentration and combinations of 
sodium alginate and calcium chloride on texture, shape and size of beads is 
a pre-requisite in order to standardize the preparation of characteristics 
beads. An optimal ion exchange between Na+ and Ca2+ producing firm 
clear, isodiametric beads was achieved using a 4 % solution of sodium 
alginate upon complexation with 100 mM CaCb. Sodium alginate 
preparation at lower concentration became unsuitable for encapsulation, 
probably because of reduction in its gelling ability, after exposure to high 
temperature during autoclaving (Larkin et al., 1988). 
The encapsulated nodal segments of T. indica exhibited shoot re-
growth after 2-3 weeks of transfer to the MS nutrient medium. The 
maximum response for conversion of encapsulated beads into plantlets was 
achieved on a medium containing 0.5 )UM IBA. Similarly, the encapsulated 
microcuttings of R. tetrapfiylla sprouted m.aximum on MS medium 
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supplemented with 10 JL/M BA with 0.5 / J M N A A . This corroborates with 
earlier findings of Chand and Singh (2004) and Singh et al. (2006). 
in the present study, the alginate beads stored at 4 °C for a period of 
1-4 weeks resulted in maximum conversion after 6 weeks of culture to the 
medium. However, the storage period beyond 4 months, yielded a decline 
in conversion response for the plants. The decline in the conversion 
response observed in synthetic seed stored for a period of 6-8 weeks may 
be due to inhibited respiration of plant tissues as described by Redenbaugh 
et al. (1986). The conversion of encapsulated nodal segments into plantlets 
after considerable period of storage, could be attributed to the inclusion of 
MS salts in encapsulation matrix which serve as an artificial endosperm to 
the encapsulated explants for regeneration (Bapat and Rao, 1992: Nieves et 
al., 1998; Ganapathi et al., 2001). Antonietta et al. (1999) reported that 
synthetic endosperm should contain nutrients and carbon source for 
germination and conversion. The data of my experiments with cold stored 
encapsulated nodal segments of R. tetraphylla are in accordance with the 
study of Tsvetkov and Hausman (2005) concerning the rates of 
encapsulated segment with axillary buds in Qurecus sp. stored at 4 ^C. 
Similarly, cold stored M-26 apple root-stock encapsulated microcuttings for 
60 days were found to display better performance and regeneration indices 
than non-stored one (Standard! and Piccioni, 1997). A possible explanation 
is that cold treatment of capsule help in faster and/ or more complete 
elimination of bud dormancy. 
The prominent effect of higher PPFD is well studied on diverse plants 
causing the photo-inhibition when crossing the margins of obligatory PPFD 
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rate for CO2 fixation, also assigned to the condition in which they have 
been acclimatized (Asada, 2000), Substantial increase of Chlorophyll (a and 
b) with low light exposure in T. indica and R. tetraphylla suggested the 
induction of chlorophyll synthesis enzymes indispensable for chlorophyll 
biosynthesis. However, high light effectively hampers the generation of 
photosynthetic pigment. Changes in chlorophyll pool of T. indica and R. 
tetraphylla indicated the foremost involvement of high PPFD in direct 
inhibition of chlorophyll generation. Both chlorophyll a and b are 
associated with light harvesting complexes of PS II. An increase in these 
pigments suggest that plant exposure to low and high light didn't impair the 
core complexes of PSll (Van Willert et al., 1995). Increase in Chlorophyll a 
and b content of T. indica and R. tetraphylla with the formation of new 
leaves during the acclimatization is in accordance with a report on Rubus 
(Donnelly and Vidaver, 1954). The observed variation in chlorophyll 
content of T. indica and R. tetraphylla owing to high PPFD is an indicative 
of plant under stress. Carotenoids plays key role in protection of 
chlorophyll pigments under stress condition (Kenneth et al. 2000). T. indica 
and R. tetraphylla plantlets also exhibited increased level of carotenoids 
after first week of acclimatization. Augmentation in carotenoids level 
specifies that plants sustained the light stress. Although increased level of 
carotenoids production is also supporting the view that photosynthetic 
pigments has undergone degeneration at high PPFD. However, 
degeneration of chlorophyll and carotenoids at elevated light intensities is a 
common response in plants (Demming-Adams and Adams, 1992). Such 
increase in carotenoids further reflects the functional response of 
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photosynthetic apparatus to the different light environment, since the 
photo protective role of carotenoids against photo oxidative damage is 
vjeW documented (Donnelly and Vidaver, 1984; Yong, 1991; Huylenbroeck 
et al., 2000; Jeon, 2005). Plantlets of T. indica and R. tetraphylla exhibited 
elevated level of net photosynthetic rate during first week of 
acclimatization. With the emergence of nev^ leaves a gradual increase in net 
photosynthetic rate was observed upto termination day at low and high 
light intensity. Similar changes of photosynthetic rate were also reported for 
Solanum tuberosum and Spathiphyllum floribundum (Baroja et al., 1993; 
Baroja et al., 1995; Hyulenbroeck et al., 1996). Substantial increase in net 
photosynthetic rate was observed to increase with the appearance of new 
leaves during acclimatization. Calathea lousae and Spathiphyllum 
floribundum also showed induction in PN activities after the emergence of 
new leaves (Hyulenbroeck et al., 1998). The low PN activity in day 0 
plantlets is a consequence of in vitro conditions in which the down 
regulation of photosynthesis occurs owing to CO2 depletion in culture 
vessels (Kozai, 1991) 
Plants scavenge ROS through the antioxidant system employing the 
enzymes and non-enzymatic components of sub cellular compartments. 
Such defense system may be inadequate during over production of ROS 
(Foyer, 1994). Mehler reaction reduces O2 to O"" , which are enzymatically 
dismuted to H2O2 in chloroplast at the thylakoid or stroma level. In the 
stroma, the antioxidant system that scavenges H2O2 to H2O and O2 follows 
the ascorbate-glutathione that transfers the electron from NADPH. 
Therefore, the photoreduction of O2 using the electrons from water ion 
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operate without release of superoxide and hydrogen peroxide, generating 
water through the water-water cycle (Asada, 1999; Asada, 2000). 
Tolerance to light stress is generally accompanied by an increase in the 
levels of antioxidants, and the activities of antioxidant enzymes (Allen, 
1995), protecting the photosystem from ROS. T. indica and R. tetraphylla 
demonstrated their diverse responses to antioxidant enzymes indicating that 
oxidative stress is an influential component of light stress. Changes observed 
in the present study for SOD, Catalase, GR and APX activites during the 
acclimatization period resemble water stress plantlets (Mitller 1994; Zang 
and Kirkham, 1996). Superoxide is believed to reduce ferric ion to ferrous 
ion, which then reacts with H2O2 to from DNA reactive hydroxy! radical 
(Kyle and Farber, 1991). Since H2O2 is readily generated when O accept 
one electron in the presence of water molecule (Munidi et al., 1984; Inove 
and Kawanishi. 1987). In response the cellular machinery generate free 
radical scavenger (SOD) which effectively prevents membrane oxidation 
and damage to biological molecules. Increased level of SOD thus suggests 
plant protective mechanism against oxidative stress. Micropropagated 
plantlets of T. indica and R. tetrapfiylla acclimatized at varying excess 
excitation energy (EEE) also showed an increased catalase activity suggesting 
its more important role than SOD against ROS generated. Such responses 
further emphasize the successful acclimatization of established plantlets 
which responded meaningfully to reduce photo-inhibition. Increased 
catalase activity also suggests its role in the photorespiratory detoxification 
of hydrogen peroxide through the mitochondrial electron transport system 
(Scadalios, 1990). The elevated level of SOD and catalase in combination 
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would lower the H2O2 levels. In plants, most of the oxygen scavenging 
activity at high light occurs in chloroplast owing to the presence of 
ascorbate-glutathione cycle. In photosynthetic tissues, ascorbic acid-
dependent antioxidants viz. APX and GR are predominantly localized in 
the chloroplast which is the major sites of H2O2 production in leaves 
(Foyer, 1997). However, the activity of antioxidant enzymes in other cell 
compartments may also be important for ROS scavenging. Rise in 
antioxidative enzyme activities other than the chloroplast region is 
indicative of the formation of ROS in mitochondria and peroxisome of 
different cellular components. Increase In APX activity of T. indica further 
suggests chloroplast based detoxication of ROS via Mahler pathway as 90% 
of total leaf APX located in chloroplast (Gillham and Dodge, 1986). GR is 
considered as key enzyme responsible for monitoring the reduced form of 
glutathione pool (Foyar et al„ 1997). During acclimatization, T. indica 
showed increased GR activity at high PPFD. Such enhancement suggested 
that GR plays an important role in ROS scavenging. Also, the increased GR 
activity is an indicative of maintenance of the pool of glutathione in 
reduced state (Buritt and Mackenzen, 2003). R. tetraphylla showed no 
difference in APX and GR activity at dual intensities. The decline activity of 
GR in R. tetraphylla is in agreement with the earlier findings of 
Huylenbroeck et al. (2000) and Carvalho and Amancio (2002) reporting 
the loss of GR activity under light stress. On the other hand, the reduced 
activity of APX with high PPFD may be attributed to the inactivation of 
stromal APX and thylakoid-bound APX easily (Miyake and Asada 1996) or 
due to the low concentration of AsA (<20mM) so that the APX activity is 
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rapidly lost (Chen and Asada, 1989; Ishikawa et al., 1998; AM et al., 2005) 
and Huylenbroeck et al (2000) for the plant exposed to high PPFD. It 
seems that the two species studied showed different physiological and 
biochemical behavior in ex vitro conditions. The present study 
unequivocally suggests that the micropropagated plants of both, T. indica 
and R. tetraphylla developed functional photosynthetic machinery along 
with the auxiliary activity to check oxidative stress. 
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Chapter 6 
SUMMARY AND CONCLUSIONS 
Medicinal plants have acquired increasing significance in 
development co-operation over the last few years. Their use and 
propagation are cross-sectoral concerns that embrace not only health-care 
but also nature conservation, biodiversity, economic assistance, trade and 
legal aspects (e.g. intellectual property). The value of medicinal plants to 
human livelihood is essentially infinite. They obviously make fundamental 
contributions to human health, and: "Is not health dearer than wealth?". 
The present study was aimed to develop efficient protocol for 
consen.'ation and mass propagation of two medicinally important species 
namely (1) Tylophora indica and (2) Rauvolfia tetraphylla using tissue 
culture methods. The effects of different light intensities were also examined 
on photosynthesis and response of antioxidant enzymatic system during the 
ex wVro establishment of tissue culture raised plantlets. 
6.1. Tylophora indica 
Tylopfiora indica (Burm. f.) Merrill (Asclepiadaceae) is an 
endangered perennial woody climber native to plains, forest, and hills of 
southern and eastern India, ascending to an altitude of 900m. The 
medicinal plants has been traditionally used as folk remedy in certain 
regions of India for the treatment of bronchial asthma, bronchitis, 
rheumatic and gouty pains. 
Direct regeneration of shoots was achieved on .MS medium 
supplemented with various concentrations of BA, kin, TDZ, lAA, IBA and 
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NAA either singly or in various combinations. Addition of ascorbic acid to 
the shoot induction medium enhanced the growth and multiplication of 
shoots. Strength of basal medium and pH also influenced the efficacy of 
shoot regeneration. The highest number of shoots (8.6 ± 0.71) per explant 
and maximum average length (5.2 ± 0.31) were standardized on MS 
medium supplemented with BA (2.5 fjM) + NAA (0.5 / J M ) + AA (100 mg/l) 
at pH 5.8. 
Callus induction was observed from leaf, petiole and nodal explants 
grown on MS medium supplemented with different concentrations of 2,4-D 
and 2,4,5-T. Maximum callusing (100 %) was achieved on MS medium 
containing 10 jLiM 2,4,5-T. Callus derived from leaf, petiole and nodal 
segments when subcultured on MS medium supplemented with BA, kin or 
TDZ induced adventitious shoots within 4 weeks of culture. The maximum 
number of shoots (64.8 ± 0.74) was achieved from leaf derived callus on 
MS medium containing 5.0 [JM kin. 
The in vitro regenerated shoots were transferred to different rooting 
media. Best rooting was achieved on '/2MS medium supplemented with 0.5 
jLiM IBA. Ex vitro rooting was also attempted as a means to decrease the 
micropropagation cost and also the time from laboratory to field 
conditions. The best results were recorded by dipping shoots in 150/iM IBA 
for 30 min. followed by transplantation in sterile vermiculite. The in vitro 
raised plantlets with well developed shoots and roots, following 
acclimatization, were transferred to field conditions, and the survival rate 
was almost 100 percent. 
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Synthetic seeds were produced from nodal segments obtained from 
in vitro cultures of T. indica. The best compiexation for the preparation of 
synseeds was achieved using 3 % sodium alginate and 100 mM CaCi2. The 
maximum frequency (91 %) for conversion of encapsulated beads into 
plantlets was achieved on MS medium containing 0.5 / J M IBA after 6 weeks 
of culture. Encapsulated nodal segments stored at 4 °C for 1-8 months also 
demonstrated successful conversion followed by development into 
complete plantlets when placed back to regeneration medium. Plants 
regenerated from encapsulated nodal segments were hardened, 
acclimatized and successfully established in soil. 
Monitoring of acclimatized plantlets at two light irradiances (PPFD 
50 and 300) showed changes in pigments (Chlorophyll a and b, 
carotenoids) content, net photosynthetic rate and various enzyme (SOD, 
catalase, APX and GR) activities. Significant changes in the chlorophyll and 
carotenoid contents reflect successful adaptation of autotrophic trait. 
Elicited production of Chlorophyll (a and b) with high PPFD is likelihood of 
its degeneration which has been counteracted with considerable production 
of carotenoids, and illustrated its protective role against photo-oxidative 
damage. A time dependent generation of free radical scavengers, have been 
observed throughout acclimatization with high PPFD. Plantlets showed 
increased level of SOD production, indicating its preventive mechanism of 
membrane oxidation and damage to biological molecules in high light 
acclimatized plantlets. Increased CAT activity also suggested its role in the 
photorespiratory detoxification of hydrogen peroxide through the 
mitochondrial electron transport system. The increase in APX activity of T. 
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indica suggests the chloroplast based detoxication of ROS via Mahler's 
pathway and maintenance of reduced glutathione pool with the increased 
generation of GR. 
6.2. Rauvolfia tetraphylla 
Rauvolfia tetraphylla L (Apocynaceae) is an endangered, small evergreen 
woody shrub. Pharmacological activity of the plant is mainly due to the 
presence of alkaloids like ajmaline, ajmalicine, reserpine, serpentine and 
tetraphyllincine. Reserpine is a potent alkaloid that depresses the central 
nervous system and lowers blood pressure. The Government of India has 
restricted the export of its drugs to reduce its exploitation and thus to 
conserve natural stands. This has resulted in a shortage of its alkaloids in the 
world market. 
Direct regeneration of multiple shoots was achieved from nodal 
segment explants implanted on MS medium supplemented with various 
concentrations and combinations of auxins and cytokinins. The optimum 
response for the shoot regeneration was recorded on MS medium 
supplemented with a combination of BA (10 /iM) and NAA (0.5 /JM) . 
About 80 % of the explants proliferated on this medium with 9.6 ± 0 . 5 
shoots per explant in 6 weeks. 
The effect of thidiazuron (TDZ) was investigated on in vitro shoot 
proliferation from nodal explants of R. tetraphylla. MS medium containing 
TDZ (0.5 - 10 / J M ) was effective in inducing shoot buds and maintained 
high rates of shoot multiplication on a growth regulator free medium. The 
highest shoot regeneration frequency (90 %) and mean number (18.50 ± 
1.25) of shoots per explant were achieved from nodal segments cultured on 
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MS medium supplemented with 5 JL/M T D Z for four weeks prior to transfer 
to MS medium without TDZ for 8 weeks. 
The regenerated shoots rooted best on MS medium supplemented 
with 0.5 fjM IBA. The /n vitro raised plantlets with well developed shoots 
and roots were acclimatized successfully and showed 90 % survivability 
when transferred to field conditions. 
Nodal segments obtained from in vitro cultures of R. tetraptiylla 
were encapsulated in calcium alginate hydrogel containing MS medium. 
Encapsulated buds exhibited the best shoot development on MS medium 
supplemented with 10 ^M BA, 0.5 |iM NAA and 3% sucrose and gelled 
with 0.8 % agar. Encapsulated nodal segments demonstrated successful 
regeneration after different periods (1-8 weeks) of cold storage at 4 °C. 
Among the five different periods of cold storage, the beads stored for 4 
weeks showed maximumi frequency (86 %) of shoot proliferation when 
placed back to regeneration medium. The regenerated shoots rooted on MS 
medium containing 0.5 ^M IBA. Plantlets with well developed shoot and 
roots were hardened off to survive in ex vitro conditions and their 
establishment in the soil. 
Micropropagated plantlets of R. tetraptiylla were exposed to dual 
light intensity (50 and 300) for 28 days to asses light dependent changes in 
physiological and biochemical behavior. Throughout adaptation, plantlets 
were screened for variations in pigments {Chi a, b and carotenoids) 
content, net photosynthetic rate and for various enzymes (SOD, catalase, 
APX and GR) activities. Differences in the chlorophyll and carotenoid 
contents revealed conversion of heterotrophic genotype into flourishing 
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autotrophic mode of nutrition during hardening of plantlets. Although, high 
PPFD exposure induced a marginal differences for Chi (a, b) and 
carotenoids generation. But, the differences were significantly different over 
control. Such changes over control illustrated the specific protective role of 
carotenoids against photo-oxidative damage. A time dependent generation 
of free radical scavengers, have been observed throughout acclimatization 
u/ith high PPFD. The increased level of SOD production indicated its 
preventive mechanism of membrane oxidation and damage to biological 
molecules in high light acclimatized plantlets. Hou/ever, no significant APX 
and GR activity has been observed. This may be attributed to inactivation 
of stromal and thylakoid bound APX easily. 
The findings of my study lead to the following conclusions; 
1. Direct shoot regeneration in T. indica has been achieved through 
nodal segments. MS medium supplemented with BA (2.5 ^M) + 
NAA (0.5 jL/M) + AA (100 mg/l) stimulated maximum frequency of 
regeneration. 
2. Callus was raised from leaf, petiole and nodal explants. The 
maximum frequency of organogenic callus formation was obtained 
on MS medium containing 2,4,5-T (10/iM). 
3. Maximum frequency of adventitious shoot regeneration was 
achieved from leaf derived callus on MS medium supplemented with 
kin (5.0 juM). 
4. VizMS medium supplemented with IBA (0.5 juM) showed best 
rhizogenesis in T. indica. 
119 
5. A combination of BA and NAA proved effective for direct shoot 
regeneration in R. tetraphylla. MS medium containing BA (10/JM) + 
NAA (0.5 / iM) elicited maximum regeneration. 
6. Best rooting was achieved on MS medium supplemented with IBA 
(0.5 jL/M) in R. tetraphylla. 
7. The encapsulated nodal segments of both the plants showed re-
growth ability after 4 weeks of storage at 4 °C. 
8. The successful acclimatization of micropropagated plantlets suggested 
the development of functional photosynthetic machinery and 
antioxidant enzymatic protective system. 
The regeneration system developed is expected to facilitate our 
efforts in producing genotypes of commercial exploitation and provided 
the first step towards the genetic transformation studies aimed at improving 
these plants. As a part of domestication strategy, these plants can be grown 
and further cultivated in fields. The application of these protocols can help 
to minimize the pressure on wild populations and contribute to the 
conservation of these valuable plants. Regeneration of plants from alginate 
encapsulated nodal segments could be used as nodal delivery system for 
germplasm storage and exchange. 
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